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New  York,  January  9th,  1901. 

The  149th  meeting  of  the  Institute,  which  was  organized  as  a 
dinner,  was  held  at  "The  Arena,"  41  West  Slst  Street,  this  date, 
and  the  topic  announced  for  discussion  was  "  Electricity  in  the 
Last  Century  and  in  This." 

The  meeting  was  called  to  order  by  President  Hering  at  9.55 
o'clock.     The  following  resolution  was  unanimously  adopted  : 

Wher€a4,  The  Committee  on  Coinage,  Weights  and  Measures  of  the  House 
of  Representatives  has  favorably  reported  by  a  unanimous  vote,  bill  H.  K. 
11350,  and 

Whereas,  On  account  of  the  entire  absence  of  official  electrical  and  photo- 
metric standards  and  the  practical  absence  of  standardizing  facilities  for 
electrical  measuring  apparatus,  it  is 

Besolved,  That  we,  The  American  Ikstitutb  of  Electrical  Enoineeus, 
in  meeting  assembled  this  ninth  day  of  January,  1901,  do  strongly  urge  the 
Honorable  Speaker  of  the  House  of  Uepresentatives  and  the  Honorable  Members 
of  the  Committee  on  Rules  to  fix  an  early  date  for  the  consideration  of  this  bill 
so  vitally  important  to  the  scientific,  educational,  manufacturing  and  especially 
to  the  electrical  interests  of  the  country. 

The  President  then  invited  Past-President  Martin  to  act  as 
Toastmaster  for  the  evening,  and  upon  his  request  the  following 
gentlemen  spoke  upon  the  topic  announced  for  the  occasion: 
Dr.  N.  S.  Keith,  founder  of  the  Institute,  Past- President 
Arthur  E.  Kcnnelly,  Past- President  Francis  B.  Crocker,  Past- 
President  Frank  J.  Sprague,  and  Prof.  W.  H.  Hallock. 
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A880C.  MEMBERS  ELECTED. 


[Jan.  9, 


At  a  Meeting  of  the  Executive  Committee,  on  Wednesday, 
January  9th,  1901,  the  following  associate  members  were 
elected : 


Name 

Bark,  Frank  Adslbut 


Address  Endorsed  by 

Manager  and  Electrician  Pries  C.  C.  Chesney. 

MTg  &  Power  Co  ,  Winston-  A.  A.  Knudson. 

Salem,  N.  C.  Paul  Spencer. 

Assistant  with  Frank  B.  Rae.  Frank  B.  Rae. 

45  Broadway,  residence,  223  J.  J.  Mnhony. 

W.122nd  St.,New  York  City.  W.  B.  Potter. 

The  Stanley  Electric  MTg  Co.,  John  F.  Kelly, 

residence,  74  Wendell   Ave.,  F.  A.  C    Perrine. 

Pittsfield.  Mass.  C  C.  Chesney. 

Crozier  Arthur  Bertram  Draughtsman    and    Engineer,  W.  N.  Gladson. 

Schwarzchild    &  Sulzberger  E.  R  Weeks. 

Packine  Co.,  residence,  1326  W.E.Goldsboro'h. 
East  9th  St..   Kansas  City, 
Mo. 


Beaumont,  Chab.  W. 


Beroentbal,  Victor  W. 


Dawson,  Josiah 


Doubt,  Thomas  Eaton 


QOTSHALL,  Wm.  C. 


GouRH,  Harrt  Eugene 


Krubsi.  August  H. 


Lisle,  Arthur  Beymer 


Contractor  for  Electric  Light 
and  Power,  etc. .  Cuba  Street 
Extension.  Wellington,  Xew 
Zealand. 

Professor  of  Physics  and  Elec- 
trical Engineering,  The  Uni- 
versity of  Washington,  Se 
attle.  Wash. 

Electrical  Vehicle  Co.,  46  Fifth 
Ave.,  New  York. 

Assistant  in  Office  Mechanical 
Engineers,  Penn.  R.  R.  Co., 
1415  llth  Street.Altoona.Pa. 

Designing  Engineer,  General 
Electric  Co  ,  residence.  IH 
Union  St.,  Schenectady, N.Y. 

General  Representative,  Nar- 
ragansett  Electric  Lighting 
Co.,  Box  1223  Providence, 
R.  I.,  residence.  East  Green- 
wich, R.  I. 

MoscBEowiTscH,  Meers  S.   Machado  &  Roller,   residence, 

307  «6thSt.,  New  York. 

Schmidt,  Chas.  J.  In  Engineering  Depart meni  as 

Telephone  Engineer.  Mil 
waukee  Electric  Railway  & 
Light  Co.,  Construction  De 
partment.  Milwaukee,  Wis. 

Smith,  Irving  Williams       Electrician  Bishop  Gutta  Per- 

chaCo  ,  420  Kast  25th  St.. 
residence,  5  West  90th  St., 
New  York. 

Vanpervebn.  Anthony  R.   Machinist.  The  South    India 

Railway  Co..  Holland  Road 
Nyapatam,  India. 


G.  Fischer. 
J.S.Fitzmaurice. 
Arthur  J.Hanson, 

N.  W.  Huggins. 
R.  B.  Owens. 
F.  B.  Crocker. 

C.  0.  Mailloux. 
Rob.McA.  Lloyd. 
T.  C.  Martin. 

Harold  B.  Smith. 
Harris  J.  Ryan. 
Fred'k  Bedell. 

E.  W.  Rice,  Jr. 
A.  H.  Armstrong. 
C.  P.  Steinraetz. 

W,  C.Woodward. 
Louis  W.  Downes. 
C.  F.  Wallace. 


H,  L.  Holbrow. 
Geo.  F.  Sever. 
F.  W.  Roller. 

D.  C.  Jackson. 
B.  J.  Arnold. 
Max  W.  Zabel. 


H.  A.  Reed. 
H.  D.  Ree<l. 
J.  W.  Lieb,  Jr. 

Jos.  Wetzler. 
T.  C.  Martin. 
Geo   H.  Guy. 
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Wkbbbr,  Charles  Edmond  Major  General  with  the  Insti- 
tution of  Electrical  Engi- 
neers, aa  Past- President  and 
Member  of  Council  17  Eger- 
ton  Gardens,  London,  Eng. 

Wood.  Arthur  Brtakt      Assistant  Electrical  Engineer, 

The    Eddy    Electric    Co., 
Windsor,  Conn. 

Transferred  from  associate  to  full  membership. 


S.  P.  Thonapson. 
Ralph  W.  Pope. 
Carl  Hering. 


B.  S.  Carhart. 
H.  E.  Heath. 
W.  R.  C.  Corson. 


Approved  by  Board  of  Examiners,  November  12th,  1900. 


LiTMAN,  James 


Assistant  En^neer  ;  Chicago  Office.  General  Elec- 
tric Co.,  Monadnock  Building,  Chicago. 
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AMERICAN   INSTITUTE   OF  ELECTRICAL 
ENGINEERS. 


New  York,  January  25th,  1901. 

The  150th  meeting  of  the  Ikstitutk  was  held  this  date  at  12 
West  3l8t  Street,  and  was  called  to  order  by  President  Hering  at 

8.16  F.  M. 

Mr.  William  J.  Hammer,  Secretary  pro  terriy  announced  the 
election  by  the  Executive  Committee  of  the  following  associate 
members : 


Name. 

Barnett.  Carl  P. 


Address. 


Draftsman  and  Engineer,  with 
S.  &  S.  Packing  Co.,  182(1 
E.  9th  St.,  Kansas  City,  Mo. 

Blakemore,  Maurice  Neville    Electrical  Engineer,  with 

Westinghouse  E.  &  M  Co., 
Pittsburg;  residence, 806  The 
Colonial  Bldg.,  Wilkinsburg, 
Pa. 

Brahdao.  Julio  Viveiros,  O.  E.    Rua  Barao  do  Flame ngo 

8  Rio  de  Janeiro,  Brazil, S.A. 


BaowK,  Warren  Day 


Child.  Charles  Tripler 


Dayis,  Harby  Phillips 


DOWIB,  HORACB 


Electrical  Engineer,  the  Auto- 
Electric  Co.,  61  Elm  St , resi- 
dence, 108  E.  89th  St.,  New 
York  City. 

Technical  Editor  ''Electrical 
Review,"  18  Park  Row,  New 
York  City. 

Engineer  of  Detail  Dept.,  Wes- 
tinghouse E.  &  M.  Co. ;  resi- 
denoe,  827  Neville  St.,  Pitts- 
burg, Pa. 

Engineering  Staff,  Crocker- 
Wheeler  Co.,   Ampere,  N.  J. 


Endorsed  \>y 

W.E.Goldsbor'gh. 
Edwin  R.  Weeks. 
W.  N.  Gladson. 

Chas.  P.  Scott. 
W.  K.  Dunlap. 
F.  L.  Hutchinson. 


James  Mitchell. 
Ralph  W.  Pope. 
W.  J.  Hammer. 

Eugene  Griffin. 
Putnam  A.Bates. 
Arthur  Williams. 

J  J.  Carty. 
W.E.Goldsbor'gh. 
Chas.  W,  Price. 

Chas.  F.  Scott. 
L.  A.  Osborne. 
P.  A.  Lange. 

Gano  S.  Dunn. 
F.  V.  Henshaw. 
E.  M.  Archibald. 
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Gills.  Henbt  John 


Supt.  Elec.  Dept.,  St.  Paul 
(ias  Light  Co.,  St.  Paul, 
Minn. 

Haskins.  WILLLA.M  Edgab   Chief  Electrician    So.   Wks., 

Am.  Steel  &  Wire  Co.,  37 
Whipple  St.,  Worcester, 
Mass. 


HowBS,  Robert 


Stuart,  Harvs  R., 


Total  11. 


Asst.  Supt.  of  the  Li^ht  & 
Power  System  of  Washington 
Water  Power  Co..  Box  1587, 
Spokane,  Wash. 

Electrical  Engineer,  with  W. 
E.  &  M.  Co.,  Pittsburg; 
residence,  524  Wallace  Ave., 
Wilkinsburg,  Pa. 


Henry  Floy. 
G.D.  Shepardson. 
Edward  P.Burch. 

T.  Wolcott. 
Harold  B.  Smith. 
Forrest  R.  Jones. 


Samuel  Sheldon. 
A.  W.  Chapman. 
H.  J.  Ryan. 

Chas.  F.  Scott. 
Jno.  S.  Peck. 
N.  W.  Storer. 


The  President  : — The  first  paper  of  this  evening  is  hy  Prof. 
W.  Klwell   Goldsborough  on  "Air-Gap  and  Core  Distribution." 
Owing  to  the  inability  of  Prof.  Goldsborongh  to  be  here,  Dr. 
Sheldon  has  kindly  consented  to  read  an  abstract  of  the  paper. 
[See  page  680,  vol.  zvii,  for  paper  and  discussion.] 


The  next  paper  is  by  Mr.  William  B.  Yansize,  "  A  New  Page- 
Printing  Telegraph."  ^ 
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A  NEW  PAGE-PRINTLNG  TELEGRAPH, 


BY    WILLIAM  B.  VANSIZE. 


The  problem  of  automatically  recordiDg  telegraph  mesflaget 
in  Roman  type  is  one  that  has  fascinated  inventors  almost  from 
the  days  of  Morse.  Royal  E.  House  invented  a  type  printing 
telegraph,  which  was  in  successful  operation  in  this  country  in 
competition  with  the  Morse  and  Bain  systems  prior  to  1857. 
Many  years  ago  the  stock-ticker  was  perfected,  and  the  Hughes, 
a  taj)e  printing  telegraph,  and  several  modifications  of  it  have 
beea  employed  for  a  long  time  with  success  by  various  tele- 
graph  administrations,  chiefly  on  the  Continent  of  Europe.  But 
it  is  only  within  the  last  year  or  two,  almost  at  the  close  of  the 
19th  century,  that  the  problem  of  constructing  a  long- distance, 
high-speed,  page-printing  telegraph  has  been  solved.  A  print- 
ing telegraph  of  this  kind  has  recently  come  to  my  attention. 

It  has  received  the  commendation  of  practical  men  in  the 
telegraph  service,  and  is  believed  to  be  of  such  simplicity  and 
merit  as  to  win  for  itself  and  maintain  a  position  among  the 
apparatus  and  instruments  in  constant  use  on  commercial  tele- 
graph lines.  The  arrangement  referred  to  has  been  devised  and 
constructed  by  and  under  the  direction  of  Donald  Murray,  an 
Australian  journalist,  without  prior  practical  experience  in  tele- 
graph work. 

A  Retbospect. 

Looking  back  over  the  last  thirty  years,  a  substantial  part  of 
which  time  has  been  spent  in  the  service  of  the  large  telegraph 
corporations,  I  can  recall  but  comparatively  few  arrangements  of 
apparatus  which  have  passed  the  experimental  stage  and  gone 
into  commercial  use.    In  1869  there  was  the  well  known  Morse 
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key  and  spaced  alphabet,  with  the  relay  and  sounder,  and  in  Bome 
few  instances  the  embossing  re^ster  at  way  stations.  In  1872  or 
1873,  circuiti  were  equipped  with  balanced  receiving  apparatus 
and  continuity  preserving  transmitters  for  duplex  transmission. 
A  little  later,  reversals  of  current  were  used  for  one  set  of  sig- 
nals and  variations  in  current  strength  for  another  set  of  signals, 
affording  two  transmissions  in  the  same  direction.  By  duplexing 
this  last  named  arrangement  the  quadruplex  was  brought  to  a 
more  or  less  satisfactory  condition  through  the  efforts  of  Edison, 
Jones,  Nicholson,  Prescott,  (Territ  Smith  and  others.  About  1875 
there  was  introduced  on  the  lines  of  the  Atlantic  and  Pacific 
Telegraph  Company  an  automatic  system  of  transmission  im- 
proved by  Little  and  Edison,  employing  a  perforated  paper  strip 
at  the  transmitting  station,  and  a  chemically-prepared  paper  strip 
to  record  the  Morse  characters  at  the  receiving  station.  Some 
years  later  the  Wheatstone  system  was  first  employed  by  the 
Western  Union  Telegraph  Company.  Later  Mr.  Delany's  ar- 
rangement for  distributing  a  single  main  line  between  a  number 
of  sending  and  receiving  operators  at  separated  stations  was  em- 
ployed on  a  special  line  between  Boston  and  Providence.  Nu- 
merous systems  of  printing  telegraph,  recording  upon  a  strip  of 
paper  and  upon  a  page  have  been  patented  and  exploited  by 
corporations  organized  for  that  purpose.  The  Phelps  motor 
printer,  in  this  country,  and  the  Hughes  printing  telegraph  upon 
the  Continent  of  Europe,  both  recording  upon  a  strip,  have  had 
more  or  less  extensive  employment. 

It  is  undoubtedly  objectionable  to  use  a  perforated  strip  for 
transmitting  purposes;  but  when  to  this  is  added  a  received 
record  to  be  translated,  there  exist  objections  which  only  other 
merits,  as  in  the  case  of  the  Wheatstone  apparatus,  partially  com- 
pensate. At  the  other  extreme  is  the  simple  Morse  requiring  no 
added  time  interval  for  translation  at  either  end  of  the  circuit ; 
the  operation  of  transmitting  and  recording  being  substantially 
co-extensive  with  the  time  in  transit. 

Recent  Developments. 

The  later  imprcfvements  in  printing  telegraphs  have  been 
directed  to  finding  a  substitute  for  the  direct  manual  operation 
of  the  key-bdard  and  the  employment  of  automatic  transmission, 
like  that  of  the  Wheatstone  system,  by  the  use  of  perforated 
tape.     The  work  of  the  operators  in  transmitting  messages  is 
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thus  first  stored  in  the  perforated  tape,  produced  at  any  con- 
yenient  speed,  and  the  automatic  transmission  may  take  place  at 
a  high  and  uniform  rate,  the  line  and  receiving  instruments 
being  worked  to  their  full  capacity.  Another  means  for  over- 
coming the  delay  due  to  direct  manual  transmission  is  to  divide 
up  the  use  of  the  line  among  several  operators,  a  locking  device 
holding  the  line  for  an  interval  at  the  service  of  each  in  turn. 
In  this  case  while  the  speed  of  the  operator  may  be  slow,  the 
total  use  of  the  line  and  instruments  is  greater  than  one  operator 
could  achieve,  working  at  his  highest  rate.  There  are  two  ar- 
rangements of  apparatus  now  receivinjg  attention  employing  the 
transmitting  tape  ;  that  of  Charles  L.  Buckingham,  and  that  of 
Donald  Murray,  the  latter  here  under  consideration.  The 
French  system  of  Emile  Baudot  and  the  American  system  of 
Professor  Rowland  employ  an  arrangement  for  dividing  the  use 
of  the  line  among  several  operators. 

What  telegraph  officials  really  need  is  the  simplicity  of  the 
Morse  system  combined  with  increased  speed  of  transmission  and 
economy  of  time  between  the  transmitting  customer  and  his  ad- 
dressed correspondent.  Up  to  the  present  time  nothing  has  sur- 
passed the  Morse  for  this  purpose.  We  may  economize  time  on 
the  wire  by  the  Wheatstone,  by  the  chemical  automatic  systeo]^ 
referred  to,  or  by  the  use  of  Delany's  multiplex  system ;  we  can 
provide  for  a  special  class  of  telegraph  business  by  adopting 
some  of  the  high  speed  transmitting  systems  like  those  contem- 
plated by  Professor  Crehore,  or  by  Delany's  modification  of  the 
chemical  automatic.  For  these  high  speed  systems  requiring 
preparation  for  transmission  at  one  end  and  translation  for  deliv- 
ery at  the  other  end,  a  demand  must  be  created  by  the  require- 
ments of  a  class  of  business  to  be  transmitted  and  delivered  fast- 
er than  the  mail,  and  somewhat  slower  than  the  transit  time  of 
the  Morse  system. 

In  the  recent  development  of  Morse  there  is  an  analogy  be- 
tween the  contest  between  armor  and  armor-piercing  projectiles 
on  the  one   hand    and  the    transmitter   and    receiver  of   the 
Morse  code  on  the  other.     In  the  case  of  armored  vessels  an  in- 
crease in   the  thickness  or  resistance  of  the  armor  has  been 
answered  by  increased  capacity  for  penetration  by  the  projec- 
tile, and  vice  versa.     In  the  early  days  the  embossing  or  record- 
ing register  could  easily  record  the  most  rapid  Morse  sender. 
When   receiving  by  sound  it  is  an  effort  to  keep  up  with  the 
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speed  of  a  rapid  sender,  where  the  receiver  uses  pen  to  record  in 
script.  When  the  typewriter  is  substituted  for  the  pen,  the 
receiver  can  more  than  keep  pace  with  the  sender ;  if  we  intro- 
duce automatic  Morse  transmission  we  surpass  the  power  of 
the  human  ear  to  receive  and  translate  to  the  typewriter.  If  we 
transmit  mechanically  and  record  mechanically  by  means  of  a 
typewriter  we  shall  have  eliminated  these  human  agencies  with 
their  limitations,  and  that  is  what  Mr.  Murray  has  done  in  a  very 
complete  and  satisfactory  manner. 

Before  further  considering  Murray's  arrangement  I  want  to 
assign  due  credit  to  my  friend  Chas.  L.  Buckingham,  who  has  a 
marvelouely  ingenious  system  in  commercial  use  on  the  lines  of 
the  Western  Union  Telegra])h  Company.  The  received  record 
is  made  in  print  on  the  ordinary  telegraph  blank  ;  the  transmis- 
sion is  by  means  of  a  perforated  paper  strip.  It  has  a  maximum 
capacity  of  about  100  words  a  minute  on  a  circuit  between  New 
York  and  Chicago.  The  circuit  can  he  duplexed  to  double  the 
stated  capacity.  Its  use,  I  believe,  is  successful,  and  commer- 
cially so. 

Murray's  System — Transmitting  Akranqement. 

Mr.  Murray  employs  a  special  alphabet,  perforating  the  trans- 
mitting tape  with  a  key-board  perforator,  having  a  separate 
movable  lever  for  each  character ;  each  character  occupies  an 
unvarying  linear  space  on  the  tape,  and  consists  of  five  per- 
forated and  unperforated  subdivisions  of  such  space.  The  dif- 
ference in  the  number  and  succession  of  these  subdivisions  or 
perforations  imparts  the  designating  characteristics.  There  are 
no  spaces  between  successive  letters  or  characters.  Either  makes 
and  breaks,  or  reversals  can  be  used  in  transmitting.  It  is  to 
this  fundamental  fact — all  letters  of  the  same  length — ^that  the 
success  of  the  system  is  due.  Each  letter  occupies  half  an  inch  on 
the  transmitting  tape,  and  a  similar  length  on  the  receiving  tape. 
The  result  is  that  a  comparatively  simple  transmitting  tape  per- 
forator worked  by  an  ordinary  typewriter  key-board  is  rendered 
possible ;  there  is  no  necessity  for  employing  a  complicated  dif- 
ferential paper  feed  mechanism  to  provide  for  letters  of  varying 
length.  In  connection  with  the  ordinary  typewriter  key-board 
there  is  a  group  of  ten  punches,  one  punching  magnet,  and  one 
spacing  magnet,  controlling  a  motor-driven  escapement. 


Digitized  by  VjOOQIC 


1001.]  VANSrZB  ON  PAQB^PRINTIN&  TELEORAPB,  11 

Thb  REOEiyiNa  Apparatus. 
At  the  receiyicg  station  there  is  an  electro-magnetic  perforat- 
ing device  which  accurately  reprodnces  the  transmitting  tape  by 
prodacing  corresponding  perforations  and  spaces.  This  received 
perforated  tape  passes  from  the  receiving  perf oititor  into  the  type- 
writer operating  device.  This  typewriter  operating  device  con- 
sists of  five  longitadinally  reciprocating  bars  or  "  combs,"  39,  Fig. 
1,  presenting  five  pointed  terminals,  40,  to  a  perforated  plate  or  die, 
38.  The  perforated  tape  passes  between  the  surface  of  the  perfo- 
rated plate  and  the  pointed  terminals  of  the  bars.  The  pointed 
terminals  of  these  bars  register  respectively  with  the  five  holes  in 
the  die.  The  tape  is  moved  along  between  the  die  and  the 
pointed  ends  of  the  bars  step  by  step,  the  length  of  a  letter  or 
character  at  each  step,  say  one-half  inch.  When  perforations  in 
the  tape  coincide  with  the  pointed  ends  of  the  bars  and  corre- 
sponding perforations  in  the  plate  and  die,  and  the  plate  is 
moved  toward  the  pointed  ends  of  the  bars,  the  bars  are  or  may 
be  separated  into  two  groups ;  one  group  is  mpved  longitudin- 
ally, corresponding  with  the  unperforated  subdivisions  of  the 
tape,  the  other  gronp  project  through  the  perforations  in  the 
tape  and  in  the  die,  and  are  unmoved.  Lying  over  the  five  bars 
or  **  combs"  at  right  angles  thereto,  are  a  series  of  thin  metal 
strips,  41;  each  strip  is  mechanically  connected  with  its  individual 
key  lever  on  the  typewriter.  The  upper  surface  of  the  five  bars 
first  described  are  notched  arbitrarily.  These  notches  are  caused 
to  be  aligned  below  any  one  of  the  strips  under  the  control  of  the 
perforated  tape  and  die  ;  when  any  one  of  the  strips  drops  into 
a  groove  a  motor-driven  cam  engages  it  and  produces  a  movement 
of  the  typewriter  lever.  The  movement  of  the  die  and  paper 
tape  and  of  the  typewriter  key-lever  is  produced  by  motor-driven 
cams.  It  will  be  seen  that  this  mechanism  will  operate  not  only 
a  typewriter,  but  any  keyboard  machine  such  as  a  typesetting 
machine  or  linotype.  The  perforated  receiving  tape  is  therefore 
available  for  setting  type  automatically. 

The  General  Diagbam. 

In  the  general  diagram  (Fig.  1)  shown,  there  is  the  apparatus 
at  the  transmitting  station  connected  by  a  single  main  line  9 
with  the  apparatus  at  the  receiving  station.  I  have  placed  a 
double  marginal  line  around  the  apparatus  at  the  transmitting 
station  to  distinguish  it.     The  vibrating  reed  1  is  in  a  local  cir- 
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ciiit  with  an  electromagnetic  motor  2.    The  reed  makes  and  breaks 
its  own  circuit,  and  is  substantiallj  like  the  well  known  LaCour 


Fio.  1. 

phonic  wheel  device.  The  "  prickers"  4  and  5,  familiar  features 
in  the  Wheatstone  transmitter  are  located  as  usual  in  line  with 
the  advancing  lines  of  perforations  in  the  transmitting  tape  3 ; 
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6  and  7  are  reciprocating  rods  engaging  respectively  with  oppo- 
site terminals  of  the  centrally  pivoted  pole  changing  switch  arm  8. 
The  parts  shown  are  all  essential  parts  of  the  well  known 
Wheatstone  transmitter,  which  is  here  used  practically  without 
alteration,  except  that  the  prickers  4  and  5  are  arranged  to  move 
or  reciprocate  together  instead  of  alternately,  thereby  enabling  any 
described  multiple  of  a  single  impulse  to  be  transmitted.  The 
ordinary  arrangement  of  the  Wheatstone  transmitter  can  only 
transmit  unit  signals  or  odd  number  multiples  thereof ;  it  is 
practically  an  alternating  current  generator.  The  Wheatstone 
gignals  have  to  be  built  up  by  omitting  a  positive  or  negative 
impulse,  hence  an  ordinary  Wheatstone  transmitter  can  transmit 
a  dot  or  a  dash  equal  to  three  or  live  dots,  but  cannot  transmit  a 
dash  equal  to  two  or  four  dots.  Mr.  Murray,  to  avoid  this  diffi- 
culty, arranges  the  prickers  to  reciprocate  together  instead  of 
alternately.  There  is  thus  obtainable,  transmitted  impulses  or 
dashes  equal  to  one,  two,  three,  four,  or  five  dots,  with  corre- 
sponding spaces. 

In  transmitting,  the  number  of  impulses  thrown  upon  the 
main  line  is  minimized  by  producing  the  impulses  locally  at  the 
receiving  station,  and  employing  only  sufficient  main  line  im- 
pulses to  determine  the  action  of  the  perforator.  At  the  receiv- 
ing station  there  is,  therefore,  a  main  line  relay  to  determine  the 
action  of  the  punching  magnet,  and  a  governing  relay  which  op- 
erates to  maintain  unison  between  the  main  line  impulses  as  they 
arrive  and  corresponding  impulses  in  the  local  circuit.  For  the 
purpose  of  creating  these  local  uniform  impulses  there  is  a 
vibrating  reed,  11,  operated  by  an  electro-magnet,  10.  The  cir- 
cuit of  this  magnet  extends  from  the  local  battery  18  through 
the  reed  11,  contact  point  14,  wire  24,  magnet  10,  wire  25,  arma- 
ture 26  of  the  governing  relay,  thence  by  way  of  the  points  27 
or  28,  and  wire  29,  to  the  battery.  The  precise  operation  of  the 
governing  relay  I  will  describe  presently.  The  receiving  perfor- 
ator is  composed  of  a  punching  magnet  and  a  spacing  magnet ; 
the  punching  magnet  operates  a  spring-retracted  pivoted  arma- 
ture bar,  33,  mechanically  connected  with  the  punch  34,  recip- 
rocating through  a  guide  block  and  engaging  the  tape  32 
upon  the  surface  of  a  suitable  die,  over  which  the  tape  passes. 
The  tape  is  fed  along  by  a  star  wheel  located  on  a  motor- 
driven  shaft,  35,  and  upon  this  shaft  is  an  anchor  escape- 
ment  under   control    of   the  spacing  magnet.     The  vibrating 
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reed  11  alternately  makes  and  breaks  the  local  circuit  of  the 
spacing  magnet;  this  circuit  extends  from  battery  17  to  the 
reed  11,  contact  spring  15,  wire  30,  through  the  magnet  and 
wire  31  to  the  battery.  The  punching  magnet  is  in  a  local  cir- 
cuit with  a  break  point  operated  by  the  vibrating  reed  11  and 
controlled  by  break  points  of  the  punching  relay,  so  that  while 
the  reed  is  continually  generating  local  circuit  impulses,  these 
impulses  are  effective  to  operate  the  punching  magnet  at  such 
times  only  as  the  punching  relay  is  closed  upon  its  front  con- 
tact. This  local  circuit  passes  from  the  battery  17  through  reed 
11  to  contact  point  16,  thence  by  wire  19,  armature  bar  20,  contact 
21,  wire  22,  through  the  punching  magnet,  and  wire  23  to  the 
battery.  It  will  thus  be  seen  that  the  reed  11  is  continually 
making  and  breaking  two  circuits  alternately ;  first,  that  of  the 
spacing  magnet,  which  is  a  continuous  operation ;  and  second, 
that  of  the  punching  magnet,  which  is  an  intermittent  opera- 
tion, rendered  so  by  the  action  of  the  punching  relay.  This 
punching  relay  and  also  the  governing  relay  may  be  either  neu- 
tral relays  responsive  to  makes  and  breaks,  or  they  may  be  polar- 
ized relays  responsive  to  reversals  of  current.  As  the  reed  11 
vibrates,  the  electric  impulses  in  the  spacing  magnet  circuit  per- 
mit a  steady  progressive  movement  of  the  tape  36.  Upon  the 
arrival  of  an  impulse  of  current  from  the  transmitting  station, 
the  contact  points  20  and  21  of  the  punching  relay  are  held 
closed  for  one,  two,  three,  four  or  five  times  the  time  interval  of 
one  dot  length,  and  while  this  relay  circuit  breaker  is  closed,  the 
punch  34  operates  to  perforate  the  tape  as  many  times  succes- 
sively as  permitted  by  the  time  length  or  duration  of  the  trans- 
mitted impulse  upon  the  main  line.  Mr.  Murray  has  thus  avoid- 
ed the  necessity  of  transmitting  over  the  main  line  all  impulses 
necessary  to  produce  spacing,  and  all  but  a  fractional  part  of  the 
impulses  necessary  to  produce  the  perforations.  It  is  of  vital 
importance,  however,  to  preserve  unison  between  the  arriving 
transmitted  impulses  in  the  main  line  and  the  local  punching 
and  spacing  impulses  at  the  receiving  station.  Tliis  is  done  in 
the  following  manner : 

How  Unison  is  Maintained. 

The  governing  relay  operates  a  circuit  breaker,  26,  moving 
between  two  fixed  contacts,  27  and  28,  electrically  connected  to 
the  same  circuit  terminal;  eo  that  the  moving  contact  in  going 
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from  one  to  the  other  operates  to  open  the  circuit  during  its 
time  of  transit  only.  I  have  referred  to  this  briefly  as  "  arma- 
ture transit  time."  This  break  in  tlie  local  vibrator  circuit  takes 
place  at  the  beginning  and  end  of  each  main  line  signal,  and  as 
the  main  line  signals  arrive  at  a  uniform  rate  and  are  of  unit  or 
multiple  unit  duration,  the  governing  relay  operates  its  break- 
point at  uniform  unit  intervals  or  multiples  of  these  intervals. 
In  the  same  circuit  in  which  this  break-point  operates,  there  is 
also  the  break-point  14  of  the  motor  magnet  10,  which  works  on 
the  familiar  buzzer  principle.  There  are  thus  two  break-points 
in  the  same  circuit.  If  they  open  and  close  together,  then  full 
vibratory  impulses  flow  through  the  motor  magnet.  If,  on  the 
other  hand,  the  rate  of  vibration  of  the  reed  tends  to  accelerate, 
or  the  rate  of  the  arriving  current  signals  tends  to  lag,  then  the 
two  breaks  occur  more  or  less  alternately  and  consequently  less 
current  gets  through — the  impulses  are  clipped — and  the  rate  of 
vibration  of  the  reed  is  reduced.  In  practice,  the  receiving 
vibrator  is  set  to  go  one  or  two  per  cent,  faster  than  the  rate  of 
the  arriving  signals,  and  then  the  governing  action  of  the  two 
interfering  break-points  in  the  same  circuit  results  in  the  estab- 
lishment of  a  steady  dynamic  balance  between  the  accelerating 
tendency  of  the  reed  and  the  retarding  tendency  of  the  arriving 
main  line  signals.  By  this  arrangement  the  necessity  for  send- 
ing correcting  impulses  over  the  main  line  to  secure  synchronism 
is  avoided,  the  correcting  impulses  being  obtained  locally  with 
the  co-operation  of  the  main  line  signals  themselves. 

It  is  to  be  understood  that  movable  weights  are  present  upon 
each  reed,  that  of  the  transmitting  station  and  that  of  the  re- 
ceiving station,  and  by  varying^  the  position  of  the  weight  upon 
the  reed,  the  rate  of  vibration  and  the  rate  of  transmission  may 
be  changed.  At  the  receiving  station  there  is  provided  means 
whereby  the  rate  of  vibration  of  the  reed  may  be  varied  in  har- 
mony with  variations  in  current  in  its  motor  magnet  circuit. 
Under  normal  conditions  with  a  motor  magnet  and  circuit 
operated  by  break  points  carried  by  the  reed,  an  increase  of  cur- 
rent, resulting  in  increased  magnetic  effort,  will  decrease  the 
rate  of  vibration,  and,  conversely,  a  decrease  of  current  resulting 
in  decreased  magnetic  effort  will  accelerate  the  rate  of  vibration. 
This  is  believed  to  be  due  to  eddy-currents  generated  by  the 
magnetic  field  of  force  and  the  movement  of  the  reed  in  such 
field.     The  action  described  while  it  has  a  damping  effect,  is  of 
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no  practical  use  as  a  means  of  regulation  for  the  work  to  which 
the  reed  is  here  put,  because  of  its  exceedingly  limited  range. 
It  is  necessary  in  maintaining  unison  to  have  a  considerable 
range  of  variation,  in  the  speed  of  this  reed,  such  variation  in 
speed  to  be  attained  in  response  to  variation  in  the  length  of  cur- 
rent impulses  of  uniform  strength. 

Constrained  Vibration  of  the  Rebd. 

To  secure  this  result  there  is  placed  at  or  near  the  free  end 
and  upon  the  opposite  sides  of  the  reed,  resilient  stops,  shown  at 
12  and  13.  These  springs  receive  the  reed  on  each  side  with  a 
cushioning  effect  and  impart  an  initial  return  movement.  In 
explanation  of  this  result  it  is  to  be  recalled  that  the  rate  of 
vibration  of  a  reed  varies  with  its  length,  mass,  and  the  distri- 
bution of  such  mass ;  increase  of  current  in  the  motor  magnet 
circuit  increases  the  amplitude  of  vibration  without  varying  the 
speed  beyond  the  slight  electro-magnetic  damping  effect  already 
described.  The  energy  imparted  to  the  reed  by  the  motor  mag- 
net is  dissipated  by  the  air  resistance  and  molecular  friction  in 
the  reed ;  an  increase  in  the  propelling  energy  brings  a 
corresponding  increase  in  the  dissipation  noted.  Therefore, 
while  the  amplitude  of  vibration  is  widened,  the  speed  is  not  in- 
creased. If  fixed  limiting  stops  be  provided,  to  limit  the  ampli- 
tude of  vibration,  the  energy  of  the  reed  cannot  then  be  dissi- 
pated in  the  manner  first  described  to  the  same  extent,  and  there 
results  an  increase  in  the  rate  of  vibration,  while  a  portion  of  the 
energy  imparted  to  the  reed  is  dissipated  in  heat  generated  at 
the  point  of  impact.  To  avoid  this  loss  and  further  increase  the 
rate  of  vibration,  the  energy  which  would  otherwise  be  lost  at  a 
rigid  contact  is  stored  in  the  resilient  devices,  12  and  13,  already 
referred  to,  to  cushion  the  impact  of  the  reed,  and  impart  an 
initial  return  movement.  By  this  expedient,  the  movement  of 
the  reed  is  rendered  smooth  and  uniform  ;  it  is  freed  from  the 
interference  due  to  the  impact  with  a  rigid  stop,  which  acts  to 
jar  and  disturb  the  normal  rate  of  vibration,  and  its  rate  may  be 
varied  by  varying  the  current  impulses. 

In  further  explanation  of  this  device  we  may  recall  the  fact 
that,  within  the  limits  of  elasticity,  a  helical  spring  varies  in 
length  in  arithmetical  ratio  with  the  force  extending  it ;  that  is 
to  say,  if  a  helical  spring  extends  one  inch  with  a  weight  of  one 
pound,  it  will  extend  two  inclies  with  the  weight  of  two  pounds, 
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and  80  on.  Within  restricted  limits  the  same  rule  holds  good 
with  simple  flat  springs  of  uniform  thickness,  like  those  com- 
monly emploved  for  electrical  contact  purposes.  It  has  been 
found  by  experiment  that  springs  of  this  kind,  whether  arranged 
for  tension  or  for  compression,  do  not  vary  the  rate  of  vibration 
of  the  motor-driven  reed  to  any  appreciable  extent  in  response 
to  variations  of  current  in  the  motor  magnet  circuit ;  but  if 
resilient  stops  are  constructed  and  arranged,  like  12  and  13,  to 
rapidly  compound  their  resistance  to  the  impact  of  the  reed,  they 
are  practically  operative  for  the  purpose  of  varying  the  rate  of 
vibration  in  response  to  variation  in  current. 

CURVES  OF  VIBRATION  OF  REED 

A  -  CONSTRAiNEO  VIBRATION       B  »  FREE  VIBRATION 


200  225  250 

HILLIAHPCRES 

FlO.   2. 

Ccrvp:s  of  Vibration  of  Rekd. 
1  have  here  a  diagram  [Fig.  2]  showing  the  action  of  a  reed 
when  free  to  vibrate  without  limiting  stops,  as  compared  with 
the  action  of  the  same  reed  operating  under  the  constraint  im- 
parted by  the  tapering  springs,  called  resilient  limiting  stops. 
The  tigui-es  were  obtained  by  varying  the  amount  of  current 
flowing  through  the  reed  magnet  coils  and  then  measuring  the 
amount  of  tape  fed  through  the  perforator  under  control  of  the 
reed.  The  tape  is  fed  forward  one  step  for  each  vibration  of 
the  reed,  and  its  extent  therefore  gives  an  exact  record  of  the 
rate  of  vibration  per  minute.     The  receiving  vibrator  and  other 
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instruments  were  set  to  transmit  and  record  at  the  rate  of  112 
words  per  minute,  and  the  current  in  the  reed  magnet  was  then 
varied  with  the  following  result : 

Current  in  Tape  fed  per  minute. 

Milliamperes. 

860 

825 . 

800 

276 

250 

225 

200 

175 

150 

126 

100 

The  action  of  the  resilient  limiting  stops  began  at  100  milliam- 
peres. The  vibration  with  this  amount  of  current  was  very 
slight.  About  230  milliamperes  were  used  for  the  112  word 
rate. 

The  following  table  shows  the  effect  of  removing  the  resilient 
limiting  stops,  all  other  conditions  being  as  before. 


ft. 

in. 

24 

0 

23 

^Vy 

28 

0 

22 

6^ 

22 

1^ 

21 

^% 

21 

4 

20 

11 

20 

6 

20 

8 

20 

^ 

Current  in 
Milliamperes. 

350 

385 

Tape  fed 
ft. 

19 

19 

per  minute, 
in. 

7 

.^00 , 

19 

276 

19 

6«/^ 

250 

19 

6^ 

225 

19 

6>^ 

200 

175    

19 

19 

6 

7 

150   ...     

19 

8 

126 

19 

9>^ 

100 

20 

y. 

The  reed  did  not  vibrate  reliably  under  100  milliamperes,  and 
even  with  that  current  it  was  feeble.  The  vibration  did  not  be- 
come fairly  strong  until  125  milliamperes  was  reached.  The 
figures  and  the  curves  indicate  that  the  speed  increases  with  de- 
crease of  current  below  150  milliamperes.  This  was  possibly 
due  to  the  electro-magnetic  damping  effect  of  the  iron  armature 
vibrating  in  the  magnetic  field.  Actual  trial  has  shown  that  this 
effect  is  too  feeble  and  unstable  to  be  used  for  governing  the  rate 
of  the  reed  by  possible  variation  in  the  current.     A  more  posi- 
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tive  and  reliable  result  was  required,  and  it  was  supplied  by  the 
resilient  limiting  stops.  It  will  also  be  seen  by  the  diagram  that 
above  150  milliaraperes  the  rate  of  vibration  of  the  reed  is  uni- 
form irrespective  of  the  amount  of  current  wlien  the  reed  is  not 
constrained  by  the  resilient  limiting  stops.  This  is  indicated  in 
the  straight  horizontal  portion  of  the  curve  b.  Curve  a  shows 
the  effect  of  the  resilient  limiting  stops  in  causing  an  almost  uni- 
form acceleration  of  the  speed  of  the  reed  in  accordance  with  the 
increase  of  current.  With  respect  to  the  curve  a  the  variation 
in  words  per  minute  between  extreme  points  is  from  103  words 
with  100  milliaraperes  to  123  words  witli  350  milliaraperes,  and 
with  respect  to  the  curve  b  the  variation  in  words  per  minute  is 
from  103  words  at  100  milliaraperes  to  101  words  at  350  mUli- 
amperes,  a  perceptible  decrease  in  the  word  rate,  with  an  in 
crease  of  3^  times  in  the  strength  of  current. 

FORMS  OF  RESIUENT  STOPS 


Fio.  8. 


The  forms  of  limiting  stops  experimented  with  and  heretofore 
referred  to  are  shown  upon  the  diagram  "  Forms  of  resilient 
stops"  [Fig.  3],  Nos.  1  and  3  are  practially  ineffective  for  the 
purpose  intended ;  No.  2  is  susceptible  of  some  beneficial  use, 
while  No.  4  is  a  practically  successful  arrangement,  and  the  one 
to  be  preferred. 

The  Unison  Diagram. 

I  have  here  a  "  unison  diagram"  [Fig.  4]  to  illustrate  the 
relative  position  of  the  current  irapnlses  in  securing  unison. 
There  is  shown  a  section  of  receiving-tape  in  which  appears  the 
word  "  Paris,"  the  division  between  the  letters  being  marked 
with  a  dotted  line.  Below  the  line  of  the  tape  is  shown  the 
corresponding  conditions  of  current  in  the  local  and  main  line 
circuits;  when  in  unison,  and  again  when  out  of  unison.  In  line 
1  there  is  shown  the  current  impulses  in  the  punching  magnet 
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circuit  effective  to  produce  the  perforations  shown  on  the  sec- 
tion of  tape  ;  lino  2  shows  the  current  impulses  in  the  local  spac- 
ing current;  at  line  3  is  shown  the  main  line  impulses  due  to  the 
operation  of  the  automatic  transmitter  effective  to  produce  the 
perforation  in  the  tape  represented ;  at  4  is  shown  the  operation 
of  the  armature  of  the  governing  relay,  the  unshaded  divisions 
representing  the  "  armature  transit  time,"  and  the  relative  posi- 
tion of  the  armature  transit  with  respect  to  the  impulses  in  the 
main  and  local  circuits ;  at  line  5  is  shown  the  impulses  in  the 
motor  magnet  circuit  which  operate  to  drive  the  reed  ;  these  im- 
pulses are  shown  as  in  unison  with  the  main  line  and  local  cir- 
cuit impulses.  In  line  6  is  shown  the  same  motor  magnet  circuit 
impulses  out  of  step,  or  out  of  unison.    The  continuous  operation 

UNISON  DIAGRAM 
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of  the  unison  device  is  best  illustrated  in  the  actual  record  taken 
upon  a  chemically  prepared  paper  tape  with  a  pair  of  iron  pens, 
one  in  the  local  circuit  and  one  in  the  main  circuit ;  the  pens 
were  arranged  side  by  side ;  line  7  shows  the  record  of  impulses 
in  the  motor  magnet  circuit ;  line  8  shows  the  main  line 
impulses,  the  action  of  the  armature  of  the  governing  relay  hav- 
ing been  suppressed.  In  lines  9  and  10  the  same  means  are  em- 
ployed to  render  graphic  the  impulses  in  the  two  circuits,  and 
the  operation  of  the  transit  of  the  armature  bar  26  of  the  govern- 
ing relay  is  also  apparent  in  clipping  the  local  circuit  impulses, 
and  thus  curbing  their  motive  power  effect  on  the  reed.     There 
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ifl  thus  established  a  continuous  "  dynamic  balance"  between  the 
tendency  of  the  reed  to  accelerate  its  speed  and  the  tendency  of 
the  main  line  signals  to  retard  its  speed.  The  shape  of  the  punch 
for  perforating  the  receiving  tape  is  quite  important.  A  large 
number  of  forms  were  tried.  The  diagram  "  Forms  of  Punch" 
[Fig.  5],  shows  some  of  the  leading  shapes.  No.  5  is  much  the 
best. 

Telegraphic  Alphabets. 
In  considering  the  merits  of  this  arrangement  of  apparatus 
and  in  accounting  for  the  want  of  commercial  success  of  so  many 
other  arrangements,  it  may  be  said  that  printing  telegraphs  have 
not  been  generally  employed  for  the  following  reasons,  among 
others: 

1.  Delicacy  and  complexity. 

2.  Slowness  of  operation. 

3.  Limitation  in  the  capacity  of  the  operator. 

4.  The  use  of  a  tape  for  the  received  record. 

FORMS  OF  PUNCH 


Recently  some  arrangements  of  apparatus  have  been  devised 
which  overcome  these  diflBculties  by  two  radically  different 
methods ;  i.  d.,  automatic  transmission  and  multiple  transmis- 
sion. The  first  uses  the  Wheatstone  transmitter  and  perforated 
tape ;  the  second  employs  direct  manual  transmission  distribut- 
ing the  time  for  using  the  line  between  a  number  of  operators. 
The  slowness  of  operation  has  been  due  not  only  t©  the  limita- 
tions of  the  operator,  but  also  to  the  character  and  succession  of 
the  line  impulses  employed.  In  long  distance  working  and  with 
the  growing  use  of  underground  and  aerial  cables,  this  is  of  ex- 
treme importance.  The  reliable  material  for  high  speed  sig- 
naling over  long  distances  in  printing  telegraphy  consists  prao- 
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tically  of  five  or  six  variations  in  the  time  interval ;  two  varia- 
tions in  direction,  and  one  variation  in  strength,  i.  e.y  makes  and 
breaks.  Two  very  desirable  conditions  are  that  letters  shall  be 
of  uniform  length,  and  that  either  makes  and  breaks  or  reversals 
shall  be  used,  but  not  combinations  of  the  two.  The  Morse 
alphabet  is  ideal  except  for  the  great  variation  in  the  length  of 
the  characters. 

The  importance  of  an  alphabet  having  letters  of  equal  lengtli 
has  been  generally  acknowledged,  and  many  designers  havo 
adopted  the  only  practical  arrangement,  namely,  thirty-two  possi- 
ble combinations  of  five  positive  and  five  negative  elements 
taken  five  at  a  time.  Such  an  alphabet  was  first  suggested  by 
Gauss  and  Weber  of  Gottingen  in  1833.  It  was  revived  in  1874, 
when  Baudot  and  others  employed  it  for  their  multiplex  print- 
ing telegraph  systems.  Baudot's  arrangement,  which  may  be 
taken  as  typical  of  this  class  of  equal  letter  alphabets,  is  shown 
in  the  diagram  called  "  Table  of  Alphabets"  [Fig.  6].  It  has 
the  disadvantage  of  using  makes  and  breaks  as  well  as  re- 
versals, necessitated  by  the  use  of  equal  units  of  current  to  form 
the  various  combinations  for  the  letters. 

The  Mubray  Alphabet. 

Murray  by  using  multiple  units  of  current  and  space  (that  is 
by  using  several  different  time  intervals  instead  of  one  only) 
avoids  this  disadvantage  and  has  not  found  it  necessary  to  use  re- 
versals, five  different  time  intervals  combined  with  makes  and 
breaks  giving  all  the  combinations  required.  He  has  preserved 
the  ideal  simplicity  of  the  Morse  alphabet  with  the  added  advan- 
tage of  securing  letters  of  the  same  length.  The  Murray 
alphabet  appears  in  the  table ;  it  will  be  seen  that  the  uniform 
time  for  each  letter  is  divided  into  five  equal  units  or  subdivisions, 
one  or  more  of  these  five  subdivisions  being  a  current  impulse, 
so  that  we  get  current  impulses  or  spaces  of  one,  two,  three,  four 
or  five  units  duration.  Thirty-two  possible  combinations  are  ob- 
tained in  this  manner,  and  by  using  two  of  these  letter  signals  as 
prefixes  to  the  others,  capitals,  figures,  and  lower  case  letters, 
about  eighty-seven  characters,  may  be  transmitted.  Makes  and 
breaks  or  reversals  may  be  used,  therefore,  adapting  the  system 
for  use  in  quadruplex  transmission ;  a  use  not  practicable  with 
an  alphabet  employing  both  makes  and  breaks  and  reversals. 
The  alphabet  is  however  only  available  for  machine  telegraphy, 


Digitized  by  VjOOQIC 


1»01.]        YAJSf8IZE  ON  PAGE-PRINTINO  TBLBQRAPB. 


23 


as  it  is  practically  impossible  to  observe  five  diflferent  time  in- 
tervals with  sufficient  accuracy  in  manual  transmission.  !No 
space  is  required  between  letters  in  the  Murray  alphabet,  whereas 
in  the  Morse  a  three  unit  space  follows  each  letter.  This  is 
shown  in  the  "  Table  of  Alphabets."  It  will  be  seen  upon  ex- 
amination that  the  maximnm  number  of  impulses  required  is 

TABLE  OF  ALPHABETS 


LET- 
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FRE- 


QUENCY SIGNALS 


MURRAY 
TAPE 


BAUDOT 
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Pio.  6. 

three  for  the  letter  y,  and  the  average  number  reckoned  accord- 
ing to  the  frequency  of  the  letters  is  1.25  impulses  as  against 
2.59  for  International  Morse.  As  compared  with  this  1.25  im- 
pulses per  letter,  a  system  employing  the  Baudot  alphabet  has  to 
transmit  not  less  than  five,  and  this  does  not  take  into  account 
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the  necessary  correcting  impulses  to  secure  or  maintain  syn- 
clironism.  Murray  has  the  shortest  alphabet  possible  to  be  con- 
structed from  reliable  signaling  material  and  by  combining  it 
with  machine  transmission  the  entire  time  of  the  line  is  used  in 
the  most  advantageous  manner  possible. 

COMPABISON   OF   ALPHABETS. 

Referring  to  Fig.  7,  "  Comparison  of  Alphabets,"  it  will  be 
seen  that  the  Murray  word  is  shorter  than  the  Morse  in  the  ratio 
of  30  to  51,  or  41.18  per  cent.  This  theoretical  diagram  is  borne 
out  by  a  comparison  made  with  an  actual  word  such  as  PARIS. 
This  comparison  is  made  on  lines  13  and  14.  It  will  be  observed 
that  in  this  case  the  Murray  alphabet  is  shorter  than  the  Morse 

COMPARISON  OF  ALPHABETS 

AVERAGE ''mORSeVoRD 


Pig.  7. 

in  the  ratio  of  30  to  49,  or  38.78  per  cent.  Practically,  the  two 
alphabets  are  in  the  ratio  of  3  to  5.  Hence  using  the  same  num- 
ber and  length  of  current  impulses  in  each  case,  a  speed  of  100 
words  a  minute  with  the  Murray  alphabet  would  not  be  more 
than  about  60  words  a  minute  in  Morse.  The  saving  in  the  Mur- 
ray alphabet  lies  chiefly  in  the  fact  tliat  there  is  no  space  between 
the  letters.  Indeed,  signals  in  adjoining  letters  not  unfrequently 
coalesce,  as  will  be  seen  in  the  case  of  the  letters  P  and  A  in  the 
word  PARIS,  where  one  current  impulse  is  actually  shared  by 
the  two  letters,  and  five  letters  are  transmitted  bv  seven  im- 
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poises,  whereas  in  the  Morse  representation  of  the  same  word 
no  less  than  14  impulses  are  required.  Many  combinations  of 
letters  like  te,  ta,  ma,  me,  on,  are  sent  by  one  impulse,  and  the 
German  name  Latzke,  consisting  of  six  letters,  requires  only  four 
current  impulses  for  its  transmission.  This,  however,  is  excep- 
tional, the  average  being  1.25  impulses  per  letter.  The  Hughes 
printing  telegraph  employs  only  one  impulse  per  letter,  but  it  is 
extremely  wasteful  of  the  space  between  signals,  so  much  so 
that,  on  the  average,  not  more  than  three  impulses  per  second 
are  transmitted  over  a  line  which  will  easily  convey  thirty  per 
second.  The  Murray  alphabet,  on  the  other  hand,  economizes 
spaces  as  well  as  signals  to  the  utmost  extent. 

Tests  of  the  System. 

From  time  to  time,  as  the  system  developed,  careful  tests  were 
made  of  its  capacity,  both  on  loops  of  varying  lengths  and  on 
circuits  between  cities.  The  speeds  mentioned  below  were  cal- 
culated on  the  basis  of  five  letters  to  the  word  and  a  word -space 
equal  to  one  letter.  That  is  to  say,  the  receiving  tape  fed  through 
the  perforator  in  one  minute  was  measured  to  find  the  number  of 
letters  it  contained,  and  this  number  was  divided  by  six.  In 
April  and  May,  1900,  a  series  of  tests  were  made  between  New 
York  and  Chicago.  Working  direct  from  Chicago  to  New  York 
via  MeadvUle  without  a  repeater,  a  distance  of  1050  miles  by  the 
route  of  the  wire,  the  best  speed  attained  was  77  words  a  minute. 
Working  with  a  repeater  at  Meadville,  much  better  results  were 
achieved,  102  words  a  minute  being  easily  attained.  The  wire 
used  was  copper,  208  lbs.  and  4.5  ohms  per  mile.  Duplex  work- 
ing was  readily  secured.  Attempts  were  made  to  reach  a  speed 
of  114:  words  a  minute.  These  were  only  partially  successful, 
but  the  results  gave  promise  of  a  speed  of  at  least  120  words  a 
minute  in  the  future. 

The  most  exhaustive  tests  of  the  system  were  made,  from  the 
17th  October  to  the  3d  November,  1900,  between  Boston  and 
New  York.  Two  hundred  ordinary  commercial  messages  were 
taken  without  selection  from  the  files  in  the  operating  room  of 
the  Postal  Telegraph  Company  in  New  York.  They  consisted 
of  160  business  telegrams  (including  18  in  cipher)  and  40  domes- 
tic and  social.  They  averaged  10.8  words  in  the  paid  portion  of 
each  message.  Following  the  usual  practice  of  counting  single 
figures  as  words,  they  averaged  about  the  usual  rate  of  30  words 
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per  message ;  bat  counting  figures  as  single  letters,  ai:J  counting 
all  letters  by  measuring  the  transmitting  tape  and  dividing  bj 
six,  the  average  was  about  20  words  per  message.  These  200 
messages  were  perforated  in  Wheatstone  tape.  A  column  press 
despatch  from  the  New  York  HeraMy  containing  5988  letters 
and  1261  words,  or  an  average  of  4.75  letters  per  word,  was  also 
prepared  in  Wheatstone  tape.  This  press  despatch  and  the  200 
commercial  messages  were  transmitted  from  Boston  to  New 
York  day  after  day  at  speeds  varying  from  60  to  96  words  per 
minute.  It  was  found  that  the  apparatus  worked  with  great  ac- 
curacy, the  whole  200  messages  frequently  coming  through  with- 
out error.  At  other  times  occasional  errors  occurred,  owing  to 
swinging  wires  and  other  familiar  line  troubles  common  to  all 
telegraph  systems.  In  addition  to  the  200  messages  prepared 
beforehand  in  New  York,  a  number  of  ordinary  messages  were 
perforated  in  Boston  and  transmitted  to  New  York  without  dif- 
ficulty, and  almost  without  experience  on  the  part  of  the  Boston 
operators.  . 

In  regard  to  the  number  of  messages  transmitted  per  hour,  in 
tests  made  when  the  apparatus  was  running  at  61  words  per 
minute,  the  200  messages  came  through  to  New  York  in  one 
hour  23  minutes.  This  is  a  speed  of  about  144  messages  per 
hour,  or  more  than  three  times  the  average  rate  of  transmission 
by  the  Morse  key,  40  messages  per  hour  being  regarded  as  a  fair 
day's  work  for  an  average  American  operator.  At  the  96-word 
rate  the  messages  came  through  at  about  230  per  hour.  At  the 
same  rate  the  press  despatch,  with  the  last  part  repeated,  making 
in  all  1720  words,  came  through  without  an  error  in  16  minutes 
42  seconds,  or  at  the  actual  rate  of  about  103  words  per  minute, 
the  words  averaging  only  4.75  letters  each.  A  speed  of  110 
words  per  minute  (115  actual  words  per  minute)  was  tried,  but 
at  this  rate  not  more  than  200  or  300  consecutive  words  came 
through  free  from  error.  The  inventor  believes,  however,  that 
with  increased  skill  and  improved  instruments,  his  system  will 
ultimately  reach  a  reliable  speed  of  120  words  a  minute.  Work- 
ing on  a  loop  from  New  York  to  Albany  and  back,  up  one  side 
of  the  Hudson  River  and  down  the  other,  speeds  of  lit  and 
even  118  standard  words  per  minute  have  been  successfully  ob- 
tained. The  length  of  the  Postal  Telegraph  Company's  lines 
from  New  York  to  Boston  is  about  290  miles,  and  the  lines  in- 
clude from  20  to  30  miles  of  cable.     Over  this  comparatively 
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abort  line  the  system  did  not  require  any  readjustment  for 
weather,  which  varied  during  the  tests  from  clear  and  cold  to 
dense  fog  and  rain  all  the  way  between  the  two  cities.  Duplex 
working  was  perfect. 

It  will  be  seen  from  the  foregoing  tests  that  this  system,  work- 
ing at  the  60-word  rate,  has  a  capacity  of  140  messages  per  hour. 
Cutting  this  down  to  120  messages  per  hour  to  allow  for  correc- 
tions and  delays,  and  working  duplex,  there  ia  an  output  of  240 
messages  per  hour,  or  60  per  cent,  more  than  the  Morse  quadru- 
plex  can  achieve.  Working  at  the  96-word  rate,  the  system  has 
the  capacity  to  transmit  two  and  a  half  times  as  many  telegrams 
as  the  qnadruplex.  No  doubt  these  figures  will  be  considerably 
reduced  in  commercial  practice,  but  there  is  a  wide  margin  for 
such  reduction. 

The  tests  have  shown  that,  owing  to  the  characteristic  alpha- 
bet, distances  of  1000  miles  are  not  an  obstacle,  and  the  inventor 
is  sanguine  enough  to  believe  that  it  will  be  possible,  though  not 
at  present  commercially  practicable,  to  work  between  New  York 
and  San  Francisco,  a  distance  of  3000  miles,  at  a  speed  of  at 
least  40  words  a  minute,  or  double  the  rate  of  manual  transmis- 
sion. 

I  may  add  that  W.  H.  Baker,  the  Vice-President  of  the  Postal 
Telegraph  Cable  Company,  to  whose  foresight  is  due  the  bene- 
fits of  securing  Mr.  Murray's  improvements,  thinks  that  the  re- 
ceived tape  may  be  employed  to  operate  a  Mergenthaler  Lino- 
type Machine,  or  other  type  setting  machine.  Others,  including 
Mr.  Murray,  are  of  the  same  opinion,  but  so  far  no  use  has  been 
made  of  this  application  of  the  invention,  commercially. 
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NOTE. 

The  flgnree  upon  which  the  oomparison  of  alphabets  Is  based  have  been 
obtained  by  means  of  the  following  table,  which  shows  the  average  number  of 
signals  per  letter  employed  in  the  *'  International"  Morse  alphabet  and  in  the 
"Murray"  alphabet:— 
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This  table  is  based  on  the  average  frequency  of  occurrence  of  letters  of  the 
alphabet  as  shown  by  a  printer's  * 'bill  of  type"  as  given  in  * 'Practical  Printing," 
by  Southward.  This  frequency  is  given  in  column  2.  In  column  8  is  given  the 
number  of  "*  International "  Morse  signals  for  each  letter,  and  in  column  4  is 
given  the  products  obtained  by  multiplying  columns  2  and  8  together.  The 
sum  of  column  4  divided  by  the  sum  of  column  2  gives  the  average  number  of 
signals  per  letter  as  2.59.  *' American"  Morse  reckoned  oat  in  the  same  way 
gives  an  average  of  about  2.4,  or  about  8^  less.  But  when  the  space  allowance 
between  signals,  letters  and  words  is  reckoned  in,  this  S^^  advantage  is  reduced 
to  somewhere  about  5^.  Column  5  and  6  give  similar  fiirares  for  the  * 'Murray" 
alphabet,  which  proves  to  have  an  average  of  1.41  signals  per  letter.  This 
average  is  reduced  in  practice  to  about  1.25,  owing  to  the  fact  that  the  current 
impulses  in  two  adjoining  letters  frequently  coalesce.  Taking  into  consideration 
the  frequency  of  letters,  the  International  Morse  alphabet  contains  on  the 
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average  5  dots  to  3  dashes.  Hence  as  the  average  Morse  letter  contains  2.59 
signals,  the  average  Morse  word  of  5  letters  contains  approximately  6  dots,  4 
dashes,  and  5  fractions.  This  fraction  is  .59  of  an  average  dot-dash.  As  there 
are  on  the  average  5  dots  to  8  dashes,  and  as  1  dash  is  equal  to  8  dots,  if  we 
divide  14  by  8  we  get  the  average  dot-dash,  which  is  in  this  way  found  to  be 
equal  to  1.75  dots.  .59  of  this  is  almost  exactly  1  dot.  The  5  fractions 
are,  therefore,  6  dots.  Hence  the  average  International  Morse  word  of  5 
letters  consists  approximately  of  6  dots,  4  dashes,  and  5  dots  (for  the  letter 
fractions),  and  the  necessary  spaces,  namely,  1  dot-space  between  each  letter 
signal,  8  dot-spaoes  between  each  letter,  and  6  dot-spaces  at  the  end  of  the  word. 
The  average  word  m  the  Murray  alphabet  consists  of  five  letters,  each  letter 
containing  5  dot^paces  flUod  with  various  combinations  of  signals.  The  word 
space  is  of  the  same  length  as  the  letters,  namely  5  dot  spaces.  Having  these 
figures,  it  is  possible  to  make  diagrammatic  representations  of  an  average  word 
in  the  International  Morse  and  in  the  Murray  alphabet.  This  is  done  in  the 
foregoing  diagram  headed  Comparison  of  Alphabets.  Line  1 1  gives  an  average 
International  word,  and  line  12  gives  an  average  Murray  word. 
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Discussion. 

The  President  : — This  very  interesting  paper  is  now  open  for 
discussion.  The  improvements  which  may  be  expected  m  tele- 
graphy in  the  new  century  will  undoubtedly  be  in  this  direction, 
namely,  increasing  the  speed,  and  at  the  same  time  receiving  the 
messages  in  printed  characters,  either  directly  or  by  machine 
transcribing,  as  in  this  case.  There  are  several  ways  in  which 
this  can  be  done,  as  stated  in  the  paper,  aT)d  it  is  a  matter  of 
considerable  interest  to  observe  which  of  these  methods  are  going 
to  be  successful  in  practice. 

There  are  a  few  things  which,  it  seems  to  me,  were  not  made 
quite  clear  in  the  paper,  and  which  might  be  interesting  to  have 
Mr.  Vansize  describe  to  us  more  fully.  One  is  the  way  in  which 
the  page  printing  is  done  from  the  perforated  tape  of  the  re- 
ceiver. It  would  also  be  interesting  to  know  whether  the  ap- 
paratus is  already  in  commercial  use,  and  if  so,  how  long  it  has 
been  in  such  use.  There  is  another  point  that  occurred  to  me 
while  listening  to  the  reading  of  the  paper,  and  that  is,  whether 
at  the  receiving  end,  the  perforated  tape  could  be  used  for  re- 
laying a  message,  and  also  for  duplicating ;  that  is,  for  redis- 
tributing the  received  message  by  repeating  it  over  a  number  of 
different  lines  from  central  stations. 

Mb.  Geo.  T.  Hanohett: — I  should  like  to  ask,  too,  what  means 
are  used  to  manipulate  the  carriage  of  the  typewriter,  that  is.  to 
shift  it  when  a  line  is  completed,  and  to  move  the  sheet  up  one 
notch  ?  I  presume  it  is  done  by  the  tape;  but  the  mechanical 
motion  afforded  by  the  tape  is  not  of  sufficiently  powerful  char- 
acter, it  seems  to  me,  to  move  the  carriage  or  the  paper. 

Mr.  Vansize  : — In  answer  to  the  last  question  I  will  say  that 
up  to  the  present  time  it  has  been  customary  to  let  the  supervis- 
ing operator  who  is  necessarily  at  hand,  shift  the  paper,  although 
I  suppose  it  might  be  done  by  a  characteristic  perforation  in  the 
tape. 

In  reply  to  the  inquiry  of  the  President,  I  would  say  that  the 
tape  at  the  receiving  station  has  not  been  adapted  for  repetition 
into  another  circuit.  The  received  impulses  differ  in  essential 
respects  from  the  tape  that  is  used  for  transmitting. 

In  regard  to  devices  for  actuating  the  typewriter  itself,  you 
will  recall  the  fact  that  there  is  a  separate  instrumentality  located 
below  the  typewriter  in  a  frame.  That  instrumentality  consists 
of  a  series  of  five  combs,  as  we  call  them.  Each  comb  is  charac- 
teristically slotted.  Lying  across  those  combs  at  right  angles  are 
a  number  of  thin  metal  bars  in  number  corresponding  to  the 
number  of  independent  keys  on  the  typewriter.  When  a  series 
of  notches  are  m  line  below  any  one  or  those  bars,  one  of  those 
cross-bars  which  is  connected  to  the  typewriter  lever  will  drop 
into  it.  The  appropriate  motive  power  is  furnished  by  cams, 
and  a  description  of  the  exact  mechanical  arrangement  would  be 
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quite  intricate.  It  is  present  there,  in  the  machine  which  we 
exhibit.  In  order  to  get  the  combs  aligned  to  cause  the 
manipulation  of  any  one  letter,  we  employ  a  perforated  tape. 
You  can  imagine  the  tape  perforated,  and  you  can  imagine  the  tape 
having  one-half  inch  lineal  extent  assigned  to  each  character,  and 
there  may  be  one,  two,  three,  four  or  five  perforations,  or  one  per- 
foration may  occupy  any  relative  position  between  the  ends  of 
that  half-inch  space.  The  tape  is  fed  along  in  front  of  a  die- 
plate  one-half  inch  at  each  step,  and  when  so  fed  along  one  or 
more  of  the  holes  in  the  perforated  section  will  register  with  one 
or  more  of  five  perforations  in  the  die-plate.  When  a  hole  in 
the  paper  is  in  position  and  registers  with  one  of  the  holes  in  the 
die-plate,  the  pointed  end  of  one  of  the  combs  (before  referred 
to)  is  in  position,  and  free  to  pass  through  the  perforation  in  the 
hole  in  the  die  plate,  or  two  or  more  combs  may  be  in  position 
to  pass  through  registering  holes  in  the  tape  and  die.  There  is 
a  cam  which  imparts  to  the  die-plate  an  advance  movement.  As 
it  advances  the  end  of  one  or  more  of  those  combs  passes  through 
the  holes  in  the  paper,  and  also  through  the  hole  in  the  die-plate 
and  the  unperforated  portion  of  the  paper,  backed  up  by  the 
plate,  pushes  another  group  of  the  combs  along  with  it.  In  that 
manner  the  notches  are  aligned  under  one  or  more  of  the  bar8,and 
when  so  aligned,  one  of  the  crossbars  will  drop  down.  Up  to 
the  present  time  the  motive  power  has  been  the  human  hand. 
There  is  no  difficulty,  however,  in  applying  either  electric  or 
other  motive  power  to  the  actuating  device. 

You  ask  the  question,  Mr.  President,  whether  it  was  in  com- 
mercial use.  It  has  been  practically  adopted  by  the  Postal  Tele- 
graph-Cable Company,  and  a  set  of  instruments,  having  all  the 
modem  improvements  which  experimental  work  has  determined 
upon  as  being  desirable,  is  being  installed,  and  it  will  then  be  put 
into  use.     It  is  not  in  use  to-day. 

The  President  : — As  I  understand  it,  the  operator  at  the  re- 
ceiving end  turns  a  crank  which  operates  the  carriage  and  moves 
the  paper  along  ? 

Mb.  Vansize  : — Yes.  sir. 

The  President  : — And  the  tape  passes  through,  in  the  way 
shown  here  in  this  machine  ? 

Mr.  Vansize  : — Yes ;  in  the  ordinary  way  of  hand-manipula- 
tion. Then  the  operator,  when  he  gets  to  the  end  of  aline,  stops 
and  mechanically  returns  the  paper  and  spaces,  and  then  turns 
the  crank  for  another  line. 

Dr.  F.  B.  Hekzog  : — I  would  like  to  inquire  of  Mr.  Vansize 
what  is  the  limit  of  speed  at  which  this  electrical  device  can  be 
operated,  and  also  what  is  the  particular  form  of  typewriter  that 
has  been  adopted,  and  the  limits  of  its  speed  in  transcribing 
from  the  record  ? 

Mr.  Vansize  — The  limit  of  speed  has  not  been  determined 
in  typewriting  devices.     Of  course,  there  must  be  a  limit  beyond 
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which  the  keys  cannot  vibrate.  The  limit  of  speed  upon  the 
transmitter  depends  somewhat  upon  the  length  of  the  line,  of 
course.  A  number  of  perforators  can  supply  a  h'ne  with  mate- 
rial for  transmission  ;  so  that  cannot  be  considered  a  limita- 
tion. 

Db.  Hkkzog  : — In  the  statements  made  concerning  the  record 
of  the  machine  in  the  varions  tests,  it  was  said  that  at  a  certain 
speed  the  signals  were  not  received  properly.  Was  that  limit 
reached  because  the  tape  was  perforated  irregularly  at  that  speed, 
or  was  it  because  the  typewriting  machine  would  not  respond  tt«. 
the  tape  with  sufficient  speed  ?  in  other  words,  is  the  limitatioij 
due  to  the  electrical  operation  of  the  receiving  devices,  or  to 
the  mechanical  characteristics  of  the  particular  form  of  typewriter 
selected  ? 

Mb.  Vansize  :— The  limit  was  due  to  the  action  of  the  perfora- 
tor at  the  receiving  station.  Mr.  Murray  tells  me  that  at  the 
rate  of  100  words  a  minute  the  punching  magnet  has  to  make  50 
perforations  per  second. 

Mb.  F.  V.  Henshaw  : — Do  I  understand  that  the  limit,  then, 
is  the  punching  mechanism?  Also,  I  would  like  to  ask  whether 
there  has  been  any  attempt  made  to  devise  a  typewriter  especially 
for  this  purpose,  or  whether  you  have  simply  utilized  an  existing 
machine  ?  It  would  appear  that  if  the  limit  of  speed  with  which 
this  system  can  be  operated  is  due  to  the  typewriting  machine, 
that  a  machine  could  be  devised  in  which  the  inertia  of  moving 
parts  is  very  much  less  and  much  lighter,  doing  away  with  those 
heavy  bars  and  keys,  and  thereby  raising  the  speed  perhaps. 

Mb.  Vansize: — Mr.  Murray  has  used  the  Bar  Lock  typewriter 
of  the  ordinary  form  that  is  on  the  market.  He  has  not  yet 
made  any  endeavor  to  simplify  and  lighten  the  parts  of  the  type- 
writer, although  he  has  contemplated  doing  so.  The  real  limita- 
tion of  speed  is  in  the  receiving  perforator — the  ability  which 
it  has  to  perforate  the  tape  in  response  to  the  locally  generated 
ihipulses;  the  limit  of  speed  at  which  the  magnet  can  charge  and 
discharge  and  get  the  punch  through  the  paper.  It  is  a  question 
of  frequency. 

Mb.  F.  V.  Henshaw  : — Have  you  ever  tried  a  laminated  mag- 
net in  order  to  increase  the  speed  ? 

Mr.  Vansize  :  — The  cores  are  slotted  but  not  laminated. 

Dr.  a.  C.  Crkhore:— I  feel  that  the  Institute  should  be  con- 
gratulated upon  having  a  paper  of  this  character  presented  ;  I 
suppose  partly  because  I  am  interested  in  the  general  subject.  It 
seems  to  me  there  are  many  features  of  simplicity  in  this  that 
ought  to  be  commended.  I  refer  to  this  particularly  because  very 
little  is  said  in  the  paper  about  the  transmitting  arrangement.  I 
would  like  to  see  a  sample  of  the  transmitting  tape,  and  if  possi- 
ble, I  would  like  to  see  the  exact  shape  of  the  waves  which  are 
sent  upon  the  line. 

To  do  the  work  of   cutting  a  perforated  tape  with  only  two 
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electro  magnets,  is  a  neat  if  not  an  elegant  achievement.  It  is 
evident,  of  coarse,  that  the  limit  of  speed  mast  be  in  that  per- 
forating magnet  at  the  receiving  end.  Of  course,  if  the  limit 
was  in  the  typewriter,  another  machine  conid  be  employed  and 
the  tape  divided  np  between  the  two  machines,  or  among  three 
or  fonr  instruments. 

I  see  there  is  a  reed  at  both  the  transmitting  and  the  receiving 
stations,  which  implies  that  there  must  be  approximately  a 
synchronism  between  the  two  stations.  I  would  like  to  find  out 
how  much  variation  and  how  much  latitude  is  permitted  be- 
tween the  receiving  and  transmitting  stations  in  order  to  have  the 
apparatus  work  successfully.  Would  it  be  possible  to  have  a 
rotating  motor  such  as  is  a  commercial  motor  at  present  ?  Could 
the  speed  easily  be  regulated  within  the  limits  which  would  be 
neces:=ary  to  operate  a  receiving  apparatus  of  this  nature  ? 

Then  another  point  is  the  shape  of  the  waves  or  the  combina- 
tion of  the  waves  that  can  be  drawn  for  two  characteristicletters, 
such  as  A  and  b,  or  c,  perhaps ;  showing  how  they  would  be  if 
you  used  a  polarized  device  and  the  non-polarized  relays  in  the 
receiving  end.  Of  course  if  you  refer  to  the  alphabet  as  given 
here,  it  is  noticeable  that  you  have  got  to  come  down  to  zero  cur- 
rent some  time  in  order  to  have  the  magnet  become  released. 
And  after  you  have  charged  the  line,  I  particularly  have  in  mind 
long  distance  lines  where  the  capacity  effect  is  very  great,  and  if 
}  ou  charge  the  line  up  to  its  full  extent,  and  leave  it  charged  for 
three  or  four  semi-cycles,  that  charge  must  be  gotten  out  suflS- 
eiently  in  order  to  release  the  magnet,  and  then  another  charge 
put  ill.  The  limit  of  speed  on  a  long  line,  it  seems  to  me,  would 
be  reached  in  that  way  ;  and  it  would  seem,  and  probably  has 
been  found  preferable,  to  use  the  reverse  current  for  the  longer 
line,  in  order  to  get  the  charge  out. 

Another  point  that  occurred  to  me  was,  how  much  speed  has 
been  obtained,  working  on  a  local  circuit,  say,  in  a  room.  The 
speed  limit  of  the  apparatus  can  not  exceed  on  a  long  line 
what  it  is  on  a  short  line  of  that  character,  and  that  will 
probably  depend  upon  the  rate  which  the  perforating  magnet 
can  operate.  I  should  be  pleased  to  see  the  action  of  the  per- 
forator. 

The  use  of  letters  of  a  uniform  length  it  seems  to  me  is  a 
point  of  great  simplicity  in  the  system,  although  it  is  not  novel, 
of  course,  to  this  special  system.  I  would  also  like  to  inquire 
whether  there  is  any  great  difficulty  in  reading  the  receiving 
tape,  providing  you  know  the  alphabet  ?  Of  course  if  you  did 
not  have  the  words  separated  and  attempted  to  begin  at  any 
point,  it  would  be  very  difiicult,  because  there  is  no  space  be- 
tween the  letters,  and  you  would  have  to  try  five  times  before 
you  would  know  what  you  were  reading. 

Also,  1  would  like  to  know  whether  the  speed  can  be  easily 
changed.     If  the  reeds  are  set  to  a  certain  pitch  would  it  take 
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you  a  loDg  time  to  enable  yon  to  change  to  another  pitch  ?  Of 
conrse,  in  a  Wheatstone  apparatus  it  is  very  easy  to  do  that,  and 
I  do  not  know  that  it  is  a  very  great  point  in  the  commercial 
nse  of  the  apparatus,  but  I  know  it  is  desirable  to  have  a  certain 
standard  speed  and  keep  at  it.  In  fact,  the  English  people  would 
like  to  have  a  standard  speed  which  they  can  use  uniformly 
throughout  the  length  and  breadth  of  their  island ;  and  of  coune 
they  will  adopt  such  a  speed  as  they  can  maintain  upon  all  their 
lines. 

Rather  a  general  question  would  be  in  regard  to  nsefulness  of 
words  coming  out  printed,  like  this,  at  the  rate  of  100  per  minute, 
say,  and  words  coming  out  at  some  higher  rate,  printed  in  Morse 
characters,  which  could  be  translated  by  an  operator  in  the  ordin- 
ary method,  using  a  typewriter,  and  setting  it  up  in  print  in  the 
same  way.  If  you  could  receive,  say,  300  words  by  the  dot  and 
dash  characters,  such  as  in  the  Wheatstone,  and  only  100  in  this 
printed  way,  and  your  lines  were  limited — which  would  you  pre- 
fer ?     How  would  it  be  commercially  determined  ? 

Mr.  Vansize  : — Answering  the  last  question  first,  before  it 
passes  from  ray  mind,  I  would  say  that  that  seems  to  be  a  com- 
mercial question  as  to  whether  you  prefer  to  supply  lines  or  to 
economize  on  the  lines  you  have.  Jt  would  seem  with  the  facili- 
ties poMessed  by  our  principal  telegraph  companies,  that  we  have 
lines  enough,  and  it  would  be  preferable  to  save  the  time  of 
translation  of  the  received  Morse. 

The  attempt  is  made,  and  successfully  made,  to  maintain  unison 
between  the  arriving  current  impulses  and  the  operation  of  the 
local  impulse  generator.  It  is  not  a  question  of  unison  between 
the  transmitter  and  some  instrument  at  the  receiving  station.  It 
is  the  question  of  maintaining  unison  between  the  received  cur- 
rents, a  sort  of  co-terminus  unison.  That  is  done  b}'  devices  em- 
ploying armature  transit  time. 

In  rearard  to  the  speed  on  a  local  circuit,  of  course  we  appre- 
ciate that  as  Dr.  Crehore  says,  the  limit  of  speed  will  un- 
doubtedly be  found,  and  is  found  in  the  electro-magnetic  per- 
forator used  as  the  receiving  instrument  of  the  line.  On  a  local 
circuit  we  have  done  118  words  in  a  very  satisfactory  manner, 
and  that  with  the  first  instruments,  possessing  some  defects,  some 
slight  features  which  might  be  changed  to  improve  the  general 
result.  But  118  words  is  what  we  can  safely  calculate  upon  ob- 
taining. 

It  is  not  practicable  for  us  to  read  the  received  record  from  the 
tape.  It  could  be  done  with  instruments,  but  it  cannot  be  done 
as  a  practical  Morse  operator  would  read  the  record  from  either 
a  chemically  prepared  tape  or  an  embossed  tape. 

Dr.  Crkhore  : — Suppose  you  should  displace  one  unit  in  your 
die,  how  would  you  then  rectify  it  i 

Mr.  Vansize  : — We  never  have  been  confronted  with  that 
difliculty  because  the  instrument  does  not  permit  of  it.     You 
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gtep  your  tape  forward  one  space  each  time.  Of  course,  if  it 
fails  to  feed,  the  thing  is  thrown  out,  and  I  suppose  you  would 
have  to  go  back  and  start  over  again. 

Dk.  Cbehobb  : — Suppose  the  word  furnished  a  sufficient  land- 
mark to  begin  over  again,  you  mean,  then  you  would  go  back 
and  begin  over  again  ;  out  I  suppose  there  are  errors  very  often 
in  the  perforation  ? 

Mk.  Vansize  : — Mr.  Murray  says  that  he  has  an  apparatus  for 
stepping  it  ahead  one  subdivision  of  a- letter,  in  case  the  necessity 
ariaea  for  doing  that. 

The  Pbesident  : — In  this  connection  I  would  like  to  ask  how 
you  know  where  to  begin  when  yon  feed  your  tape  into  the  type- 
writer. You  have  to  start  with  a  certain  fixed  group  of  five 
holes  ;  now,  how  do  you  know  at  which  of  that  continuons  row 
of  holes  the  first  group  begins  ? 

Mk.  Vansize  : — You  can  go  back  to  the  beginning  of  the  mes- 
sage. In  telegraphic  service  the  messages  are  all  numbered,  and 
yon  can  start  in  on  your  tape  anywhere,  and  you  will  soon  find 
the  beginning  of  the  message,  and  then  you  can  start  in  with  a 
retransmission  from  that  point. 

The  Pbesident  : — I  do  not  think  you  quite  understand  the 
question  that  I  asked  ;  it  is  practically  the  same  that  Dr. 
Crehore  asked.  There  is  a  continuous  row  of  little  guide  holes 
in  the  tape,  of  which  I  understand  groups  of  five  correspond  to 
each  letter;  now,  in  starting  the  typewriter,  how  do  you  know 
which  of  this  regular  line  of  holes  begins  the  correct  group  ? 
Of  coarse  the  letters  will  be  quite  different,  depending  upon 
whether  you  begin  the  groups  witn  the  1st,  6th,  llth,  etc.,  or  the 
2d,  7th,  12th,  or  the  3d,  8th,  13th,  and  so  on. 

Mb.  Vansize  : — That  is  true.  In  the  case  of  the  complication 
of  the  kind  you  indicate,  which  is  entirely  theoretical,  we  would 
go  to  the  beginning  of  the  message,  whicn  is  indicated  by  a  char- 
acteristic starting  mark — take,  for  instance,  four  or  five  charac- 
ters— we  would  go  to  that  point  and  start  again. 

Keferring  back  to  Dr.  Crehore's  question,  he  asked  if  the 
speed  coula  be  easily^  changed.  It  can  be  easily  and  quickly 
changed.  I  should  think  five  minutes  would  be  sufficient  to 
change  its  speed.  You  would  have  to  change  the  weight  on  the 
reed  at  both  ends  if  you  wanted  to  change  the  speed. 

The  transmitting  apparatus  is  the  ordinary  Wneatstone  trans- 
mitter, which  we  have  found  it  necessary  to  change  to  enable 
both  of  the  so-called  prickers  to  operate  coincidently  instead  of 
alternately  as  is  done  in  the  Wheatstone  system.  That  is  be- 
cause the  Wheatstone  cannot  send  a  succession  of  the  same  im- 
pulses; it  can  only  print  one,  three  and  five,  while  in  Mr.  Mur- 
ray's system  it  is  necessary  to  be  able  to  transmit  one,  two,  three, 
four  or  five,  and  by  moving  the  ''  prickers,"  as  the  English  de- 
nominate them,  coincidently,  that  can  be  very  easily  attained. 
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[Communicated.] 

Mb.  Hollon  C.  Spaulding: — The  writer  is  much  interested 
in  the  subject  of  page-printing  telegraph  instruments  to 
be  treated  in  the  paper  by  Mr.  Vansize  to  be  read  at  the 
meeting  of  the  iNSTrruTE  on  to-morrow  evening,  and 
regrets  exceedingly  that  he  is  unable  to  be  present 
to  take  part  in  the  verbal  discussion  thereon.  In  view,  however, 
of  the  various  statements  and  references  made  in  the  paper,  it 
may  be  of  interest  to  the  members  of  the  Institute  to  know  that 
the  writer  has  for  some  time  past  been  at  work  on  a  system  of 
telegraphic  communication  wnich  bids  fair  to  fulfill  the  con- 
ditions involved  in  a  theoretically  perfect  system  more  fully  than 
the  devices  described  by  Mr.  Vansize,  or  even  indicated  by  his 
statements  as  to  the  necessities  of  the  case.  In  the  writer's  opin- 
ion a  system  of  telegraphic  communication  to  be  commercially 
successful  should  comprise : 

First. — A  key-board  of  the  ordinary  typewriter  form,  and  not 
requiring  the  services  of  a  skilled  operator. 

Second. —Immediate  and  practically  instantaneous  registering 
of  the  desired  character  at  the  receiving  end  of  the  line. 

Third. — The  registration  of  an  ordinary  letter  or  type  character 
instead  of  an  arbitrary  combination  of  elements  which  may  be 
translated  into  one  or  more  ordinary  characters. 

Fourth. — The  absence  of  synchronous  devices  for  sending  and 
receiving  stations,  and  of  electrical  impulses  varying  in  strength, 
both  of  which  have  been  found  impracticable  in  commercial 
use. 

In  other  words,  it  is  my  belief  that  there  is  a  demand  for,  and 
incidentally  I  have  succeeded  in  producing  a  type  printing  elec- 
tro-mechanism corresponding  precisely  to  the  ordinary  type- 
writer, except  that  the  key-board  and  printing  mechanism  may 
be  separated  by  any  desired  distance  and  connected  only  by  wires 
suitable  for  conveying  electrical  impulses. 

Referring  to  the  "forms  of  punch"  shown  on  page  29, 1  would 
say  that  the  writer  has  had  occasion  to  use  sometningof  this  kind 
in  another  invention,  and  while  it  is  true  that  the  form  of  punch 
indicated  by  No.  5  is  preferable  to  the  others,  this  could  be  still 
further  improved  by  making  it  hollow,  and  beveling  the  teeth 
so  that  the  end  of  the  punch  is  practically  a  saw- section  wrapped 
about  an  imaginary  axis  in  cylindrical  form.  A  slot  should  be 
provided  near  the  cutting  end  of  the  tube  through  which  is  in- 
serted a  wire  which  will  push  out  the  paper  disks  as  cut  from  the 
the  paper,  thus  keeping  the  cylindrical  cutting  end  clear  at  all 
times. 

Boston,  January  24th,  1901. 


[Communicated.] 

Mr.  William  Maver,  Jr.  : — Whether  a  thing  is  considered  simple 
or  otherwise  often  depends  upon  the  point  of  view.     Not  long 
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since,  for  instance,  one  of  the  leading  electrical  periodicals  of 
London  referred  to  a  certain  printing  telegraph  system  that  had 
been  on  exhibition  at  the  Paris  Fair,  as  of  *'  awe  inspiring  com- 
plexity." Seing  somewhat  familiar  with  the  system  referred  to, 
1  do  not  agree  with  this  view  of  it,  for,  to  my  mind,  it  is  com- 
paratively simple  in  its  mechanism  and  operation. 

Donbtlesflone  of  the  chief  points  of  merit  of  the  new  telegraph 
system  which  has  been  brought  to  the  attention  of  the  iNSTrruTE 
this  evening  by  the  kindness  of  Mr,  Vansize,  is  its  simplicity,  for, 
if  it  be  reliable  and  practicable  in  its  operation,  it  must,  I  think 
be  generally  admitted  by  all  who  have  given  this  subject  any  atten- 
tion, that  it  is  relatively  quite  simple  in  construction,  and  espe- 
cially, ad  Mr.  Yansize  points  out,  as  regards  the  alphabet  em- 
ploved. 

Technically  classified,  Mr.  Murray's  system  would  probably 
be  termed  an  "  Automatic  Page  Printing  Telegraph."  The  mes- 
sages to  be  transmitted  by  it  are  prepared  beforehand,  analog- 
ously as  in  the  case  of  the  Wheatstone  automatic  system.  That 
is,  characters  set  to  represent  the  letters  of  the  message,  are  per- 
forated on  a  strip  of  paper.  This  perforated  paper  is  caused  to 
send  electrical  pulsations  over  a  main  line,  which  pulsations 
operate  apparatus  at  the  receiving  station,  which,  in  turn,  elec- 
tro-mechanically  jperf orate  another  strip  of  paper  on  a  pre- 
arranged plan.  This  paper  is  caused  to  pass  before  a  set  of  strips 
of  metal  that,  in  their  operation,  and,  depending  upon  the  posi- 
tion of  the  perforations  m  the  paper,  select  a  certain  letter  of  a 
typewriter,  in  a  manner  which  may  perhaps  be  considered  as 
somewhat  similar  to  that  in  which  the  type  ox  a  linotype  machine 
find  their  proper  receptacles  in  the  type  distributing  process. 

The  unison  device  employed  by  Mr.  Murray  is,  I  think,  ingeni- 
ous. A  somewhat  analogous  principle  for  maintaining  syn- 
chronism between  the  transmitter  and  receiver  was  employed  in 
the  Rogers  printing  telegraph,  one  of  those  numerous  systems  to 
which  Mr.  Vansize  doubtless  refers,  which  never  passed  very  far 
beyond  the  experimental  stage.  In  the  Rogers  system,  as  I  re- 
member it,  a  wheel  at  the  receiving  station  was  set  to  run  at  a 
higher  rate  of  speed  than  the  transmitter.  A  spot  of  light,  or  a 
spark,  actuated  by  the  arriving  signals  was  thrown  upon  the  side 
of  the  revolving  wheel.  This  spot,  so  long  as  synchronism  was 
to  be  maintained,  was  kept  within  a  given  space  on  the  wheel 
fquite  a  little  leeway  being  permissible)  by  manually  applied 
friction  on  the  wheel.  Mr.  Murray's  method  is,  of  course,  more 
scientific. 

It  may  be  noted  that  Mr.  Vansize  has  not  shown,  or  indicated 
very  fully,  the  manner  in  which  the  messages  are  received  on  a 
page  by  the  Murray  system.  Provision  must,  obviously,  be 
made  for  shifting  the  paper  at  the  end  of  each  line,  etc.,  and  it 
would,  perhaps,  be  interesting  to  know  whether  such  provision 
is  made  at  the  sending  or  receiving  end  of  the  line.    The  table 
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of  alphabets  and  comparisoiiB  of  words  which  Mr.  Vansize  gives 
is  of  much  value.  Among  other  things,  renewed  attention  is 
incidentally  drawn,  by  this  table,  to  the  fact  that  the  letter  O,  of 
the  International  Morse  alphabet,  employing  three  dashes,  or  11 
time  units  (O  having:  a  frequency  of  8000),  could  change  places 
to  advantage  with  the  letter  K,  which  has  a  frequency  of  only 
800,  and  in  that  alphabet  employs  but  2  dashes  and  1  dot,  or  9 
time  units. 

The  time  units  which  Mr.  Yansize  has  used  for  the  dots,  dashes 
and  spaces  are  quite  fair  for  machine  telegraphy,  such,  for  in- 
stance, as  the  Wheatstone  automatic,  which  employs  the  Morse 
alphabet.  But  it  is,  I  believe,  the  experience  of  most  telegraphers 
that  rapid  Morse  senders  do  not  make  the  pronounced  distinction 
between  dots,  dashes,  and  letter  and  word  spaces,  that  theory 
requires  and  the  machine  system  employs.  The  machine  system 
makes  the  Morse  dash  equal  to  3  dots ;  the  space  between  let- 
ters equal  to  3  dots,  and  the  space  between  words  equal  to,  say, 
6  dots.  A  Morse  operator  sending  rapidly  makes  the  dash  about 
equal  to  2  dots,  the  letter  space  equal  to  2  dots,  and  the  word  space 

Sual  to  3  dots.  An  examination  of  an  embossed  tape  from  a 
orse  register  or  recorder  will,  I  believe,  show  this  to  be  quite 
nearly  the  case. 

It  is  perhaps  worth  noting  that  the  different  printing  telegraph 
systems  to  wnich  Mr.  Vansize  refers,  the  Baudot,  the  Bucldng- 
ham  and  the  Murray,  do  not  greatly  vary  as  to  the  message  or 
word-carrying  capacity  they  give  to  a  wire.  The  Baudot,  send- 
ing four  messages,  practically  at  once,  over  the  wire,  transmits  a 
total  of  about  one  hundred  and  thirty-four  words  per  minute. 
The  Buckingham  duplexed,  about  one  hundred  and  sixty,  and 
the  Murray,  duplexed,  it  is  assumed  about  the  same.  A  Morse 
quadruplex  system,  worked  to  its  full  capacity,  gives  about  one 
hundred  and  sixty  words  per  minute.  The  Bauoot  system,  while 
not  sending  as  many  words  per  minute  as  the  printing  systems, 
does  not  employ  a  perforated  tape  for  transmitting. 

The  further  progress  of  the  Murray  system  will  doubtless  be 
watched  with  much  interest. 

The  I'resident  : — The  inventor  of  this  very  ingenious  and 
simple  system  is  with  us  to-night,  and  I  am  sure  we  should  all 
be  much  pleased  to  hear  from  him. 

Mr.  Donald  Murray: — I  would  prefer,  gentlemen,  to  ex- 
hibit the  mechanism  rather  than  to  describe  it  to  you,  because  I 
think  Mr.  Vansize  has  very  ably  dealt  with  the  subject,  and  1  do 
not  think  I  could  add  anything  of  interest  to  what  he  has  said  so 
well.  I  shall  be  very  happy  to  show  the  machine  to  you  after  you 
have  finished  the  discussion,  and  especially  to  call  your  attention 
to  the  arrangement  by  which  the  typewriter  carriage  is  run  back, 
as  I  believe  one  of  your  members  inquired  particularly  about 
that  feature. 

There  must  be  an  operator  to  attend  to  the  receiving  of  ^he 
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message.  You  cannot  have  a  purely  automatic  mechanism  re- 
ceiving and  distributing  the  telegrams  without  supervision. 
There  must  be  some  one  in  attendance  to  read  the  telegrams  as 
they  are  received,  and  therefore,  while  reading  the  telegrams, 
the  attendant  may  just  as  well  turn  a  handle  and  run  the  type- 
writer carriage  back. 

I  have  an  arrangement  for  stopping  the  printer  by  means  of  a 
signal  at  the  end  of  each  line.  This  break-signal  is  put  in  the 
transmitting  tape.  When  you  are  playing  on  the  keyboard  of 
the  perforator  that  punches  the  transmitting  tape,  and  wishing 
to  make  a  break,  you  depress  a  key  which  inserts  a  break-sign^ 
in  the  transmitting  tape.  This  break-signal  is  transmitted  and 
recorded  on  the  receivmg.tape,  and  by  means  of  a  clutch  mech- 
anism the  break-signal  stops  the  printer.  The  typewriter  car- 
riage is  then  run  back  by  the  attendant,  and  the  act  of  running 
the  carriage  back  starts  the  machine  again.  A  man  has  to  be 
there,  anyhow,  to  attend  to  the  receipt  of  'the  messages,  and  he 
can  easily  feed  the  paper  into  the  typewriter  and  run  the  carriage 
back  at  the  end  of  each  line. 

Mr.  Geo.  T.  Hanohett  : — I  am  not  much  of  a  telegrapher, 
but  it  seems  to  me  that  the  commercial  value  of  this  machine 
will  be  subject  to  this  condition.  We  have  several  systems  which 
are  giving  satisfactory  service;  notably  the  Morse  sounder  and 
typewriter  and  operator.  In  this  machine  we  have  a  more  com- 
phcated  typewriter  and  receiving  instrument  and  also  an  opera- 
tor. Now,  there  must  be  some  gairt  for  this  additional  complica- 
tion. 

I  do  not  know  how  many  words  it  is  possible  for  an  ordinary 
typewriter  operator  to  take  down  in  a  minute,  but  I  understand 
that  it  is  possible  to  send  by  the  Morse  system  as  many  words  a 
minute  as  the  ordinary  typewriter  operator  can  take  down  on  the 
machine.  I  do  not  know,  as  1  say,  how  fast  a  typewriter  can  be 
operated,  but  perhaps  our  stenographer  could  tell  us. 

The  President  : — We  would  be  obliged  to  the  stenographer  if 
he  would  give  us  some  information  on  that  point. 

The  stenographer  stated  that  seventy  five  words  per  minute 
was  about  the  highest  speed  of  an  expert  typewriter  operator  in 
writing  from  continuous  dictation.' 

Mr.  Hanchett: — Then,  if  that  is  so,  it  appears  that  here  is  a 
difference  in  speed  between  75  words  a  minute  and  whatever  this 
system  is  capable  of 

Mr.  Murray  : — If  you  would  allow  me  to  explain.  The  limit 
of  speed  is  not  in  the  ability  of  the  receiving  typewriter.  The 
receiving  typewriter  can  get  up  to  a  speed  of  ninety  words  a 
minute,  though  that  is  exceptional.  I  have  had  considerable  ex- 
perience with  typewriter  operators,  and  I  think  the  average 
speed  is  not  much  more  than  fifty  words  a  minute  ;  indeed,  it  is 
a  very  good  operator  who  does  that.  It  is  the  transmitter  who 
is  at  fault     Transmitting  by  the  Morse  key,  the  average  speed 
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ifl  about  15  words  a  minnte,  working  bj  the  hour,  and  30  words 
a  minute  is  about  the  maidinuni. 

Mr.  Hanguett  : — Then,  if  ]  5  words  a  minute  is  the  average 
speed  of  the  Morse  operator,  the  gain  between  that  and  what  is 
accomplished  by  this  system,  which  is  100  words  a  minute,  shows 
what  the  device  accomplishes. 

Mr.  Murrat  : — It  is  unlikely  that  the  Morse  key  and  sounder 
will  ever  be  superseded  for  business  reauiring  quick  dispatch. 
The  printing  telegraph  system  described  this  evening  and  the 
others  mentioned  by  Mr.  Yansize  are  big  high-power  systems 
like  express  trains,  and  they  are  best  suitedfor  handling  the  mass 
of  telegraphic  business  between  large  centers  of  population.  I 
believe  that  in  time  they  will  each  find  special  fields  of  usefulness 
in  accordance  with  their  particular  capacities.  The  system  de- 
scribed this  evening  is  specially  adapted  for  newspaper  work, 
because  the  perforated  receiving  tape  can  be  used  to  automatic- 
ally operate  a  linotype  or  typesetting  machine. 

Dr.  Crkhore  : — It  is  not  quite  clear  to  me  yet  by  referring  to 
Figure  4,  where  the  unison  diagram  is  given  with  the  word 
"  Paris,"  how  it  is  made  definite.  For  instance,  take  the  black 
line  of  dots  numbered  3  underneath  ;  I  understand  that  that  line 
represents  the  current  impulses  coming  over  the  main  line.  Is 
that  so  ? 

Mr.  Vansizk  : — Yes,  that  is  right. 

Dr.  Crkhore  : — And  the  black  represents  the  positive  current. 
Then,  does  the  white  space  immediately  following,  represent  the 
negative  current  or  no  current  ? 

Mr.  Murray  : — Either. 

Dr.  Crehore: — Then  would  it  be  possible  to  divide,  say,  that 
first  black  space  which  covers  two  units  in  the  letter  "  r"*  into 
two  separate  impulses  and  get  the  same'  effect  if  they  were  both 
in  the  same  direction  ?  I  mean,  could  yon  divide  it  up  in  two 
and  not  necessarily  have  It  continuous  ? 

Mr.  Vansize  : — Yes,  sir. 

Dr.  Crehore:— Or,  you  could  use  two  successive  semi-signs 
in  the  same  direction,  could  you  ? 

Mr.  Murray  : — I  think  that  would  be  possible.  The  real 
trouble  in  using  the  alternating  current  is  to  get  the  time  current 
intervals. 

Dr.  Crehore:— If  the  transmitting  apparatus  has  to  be  as 
uniform  in  speed  as  the  reed  below  vibrates,  or  very  nearly  so, 
how  much  variation  would  there  be  to  that  variation  without  in- 
terrupting the  successful  operation  of  the  apparatus? 

Mr.  Murray  :  —That  is  a  question  that  1  could  not  give  you 
any  very  definite  information  about.  It  will  run  up  as  higii  as 
five  per  cent,  above  the  transmitted  currents  and  it  will  still  gov- 
ern ;  there  is  no  trouble  about  that. 

The  President  : — We  have  with  us  to-night  Mr.  Jones,  of  the 
Postal  Telegraph-Cable  Company,  and  we  should  be  pleased  to 
hear  from  him  on  this  subject. 
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Mb.  Fbajtois  W.  Jones  : — I  did  DOt  come  here  prepared  to 
enter  into  this  discuision.  I  think  the  subject  has  been  ablj 
handled  bj  Mr.  Yansize.  I  think  possibly  the  recording  of  mes- 
sage upon  the  typewriter  by  the  receiyed  perforated  tape  might 
have  had  a  little  more  elucidation.  The  drift  of  the  aiscussion 
is  in  the  direction  of  the  commercial  possibilities  of  this  system, 
as  well  as  in*the  electrical  and  mechanical  operation  of  the  system 
itself.  I  have  been  in  a  position  to  watcn  the  growth  of  this 
infant.  The  machine  you  see  before  you  on  the  table,  the  com- 
bined typewriter  with  the  actuating  mechanism,  was  constructed 
in  Sydney,  Australia,  by  Mr.  Murray,  in  a  little  workshop  that  I 
suppose  could  easily  be  placed  on  one  comer  of  this  platform, 
and  I  think  the  machine  as  it  stands  here,  and  as  it  has  been 
operated,  is  a  .very  great  credit  to  him. 

The  system,  as  has  been  said,  is  a  very  simple  one,  and  it  is 
useless  tor  me  to  criticize  any  of  the  theoretical  defects  in  it  be- 
cause we  have  simply  attached  the  wires  to  it  between  Chicago 
and  New  York,  and  between  Boston  and  New  York,  and  we  have 
the  messages  here  to  show  what  it  has  done.  So  it  is  not  for  me 
to  say  it  will  not  work,  when  it  has  worked,  and  when  messages 
have  come  through  the  before-mentioned  wires  in  very  clear  and 
nice  shape. 

It  does  not  seem  wise  to  let  this  discussion  branch  off  into  wild 
theories.  The  very  best  that  Morse  telegra^ers  can  do,  in  a 
day's  work,  is  about  thirty  words  a  minute.  The  simplest  of  all 
telegraph  systems,  outside  of  the  telephone,  if  you  wish  to  include 
it,  is  the  Morse  system,  where  a  man  sits  with  his  ha'tid  on  his 
key,  his  eves  steadily  fixed  upon  the  message,  the  words  passing 
in  through  his  eyes  and  out  through  his  fingers  over  tne  wire 
into  the  ear  of  the  receiving  operator,  and  the  latter  printing  it 
upon  a  portable  printing  press — a  typewriter.  There  is  no  tele- 
graph system  that  can  transmit  a  message  from  the  sender  to  his 
correspondent  in  so  quick  a  time,  except  by  telephone,  as  the 
Morse  system  operated  in  this  way. 

Now,  the  present  plan  is  to  perforate  a  tape  by  a  keyboard, 
doing  away  with  the  skill  necessary  for  a  Morse  operator  to  codify 
dots  and  dashes  and  so  send  over  a  wire.  It  is  just  simply  a  key- 
board worked  the  same  as  the  keyboard  on  a  typewriter,  and  the 
resulting  perforations  in  the  tape  are  put  through  an  ordinary 
Wheatstone  transmitter,  with  the  modifications  that  have  been  so 
clearly  explained  by  Mr.  Vansize,  the  prickers  working  in  unison, 
or  simultaneously  up  to  the  paper,  and  there  it  being  determined 
which  one  shall  go  through  the  perforations.  Then,  at  the  re- 
ceiving end,  there  is  nothing  but  two  relays  in  line  for  operating 
the  punching  and  spacing  local  magnets,  as  has  been  explained. 
Now,  the  received  tape  is  placed  in  the  mechanically  operated 
typewriter;  Mr.  Murray  suggests  that  it  is  like  a  mechanical 
piano ;  you  turn  a  crank,  and  it  plays  the  tune,  and  that  tune  is 
the  telegraphic  message  that  has  been  punched  at  the  other  end 
of  the  line.     As  you  turn  this  crank  by  hand  or  by  motor,  the 
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typewriter  keys  are  mechanically  actuated,  the  type  strikiDg 
upon  the  platen,  and  so  the  message  is  gotten  out  in  page  form, 
the  same  as  on  any  typewriter.  The  page  moves  forward,  and 
when  it  comes  to  the  end  of  the  line  the  attendant  pushes  it  back 
to  its  original  position,  and  so  it  goes  again,  the  attendant  watch- 
ing every  line  to  see  that  there  are  no  mistakes  made.  Thus  every 
message  is  under  constant  surveillance,  and  is  apt  to  go  out  to  the 
correspondent  in  better  shape  than  if  a  dumb  machine  actuated 
by  the  line  currents  were  to  grind  it  out  automatically  through  a 
slot,  because  then  no  correction  would  be  possible  if  a  mistake 
were  made  in  a  line  until  after  the  correspondent  got  his  tele- 
gram and  sent  a  message  back  to  the  sending  station,  to  say  it  was 
all  pied,  and  to  please  repeat  it ;  but  this  attendant  at  the  re- 
ceiving machine  sees  at  once  if  anything  is  wrong,  and  immedi- 
ately notifies  the  sending  station — probably  by  the  Morse  key — 
(the  system  being  quadruplexed)  and  the  sending  agent  repeats, 
and  so  the  message  is  gotten  out  accurately  and  without  delay. 

Another  thing  is,  if  you  succeed  in  getting  upon  your  line, 
say,  loO  words  perforated  at  the  receiving  end,  it  is  not  neces- 
sary to  use  only  one  machine ;  you  can  use  two,  or  more.  If  one 
machine — as  mechanical  things  do  sometimes — gets  a  little  out 
of  order  and  won't  work,  you  can  turn  to  another  machine  which 
is  all  right,  and  go  ahead  ;  or,  you  can  divide  the  tape  up  among 
two  or  more  persons,  if  you  want  to  print  a  lot  at  a  time.  That 
is  distinctly  a  feature  of  Mr.  Murray's  system,  that  the  currents 
coming  over  the  line  have  not  got  to  actuate  a  printer ;  the  print- 
ing machine  is  a  separate  and  independent  machine,  and  stands 
by  itself. 

I  am  not  prepared  to  enter  into  a  discussion  of  the  commercial 
features  of  tnis  invention  at  all.  It  is  to  stand  on  its  merits  en- 
tirely. Those  people  who  have  their  money  invested,  and  who 
do  the  telegraph  business  of  the  country,  will  look  the  matter 
over  carefullj^  and  determine  whether  it  is  to  their  interest 
to  employ  this  machine  or  not,  or  to  what  extent  they  will  em- 
ploy it.  It  is  certainly  natural  to  suppose  that  in  this  new  cen- 
tury there  must  come  some  improvement ;  that  we  cannot  keep 
on  putting  up  ^rires  all  the  time  in  order  to  accommodate  the 
Morse  system,  and  the  telegraph  managers  are  watching  as  close- 
ly, and  perhaps  more  closely  than  anybody  else,  to  find  what  will 
serve  their  purposes  best.  They  certainly  do  not  want  to  put 
their  money  into  wires,  if,  in  the  end,  a  little  machine  will  do 
just  as  well.  Some  very  clever  systems  have  been  devised — Mr. 
Delany's,  and  several  others  that  I  could  name — ^but  the  trouble 
seems  to  be  that  while  you  can  get  a  great  deal  over  a  wire,  it 
takes  a  little  time  at  the  start,  and  a  little  time  at  the  finish, 
which  handicaps  the  business,  and  also  that  the  expense  of  pre- 
paring the  tapes  and  translating  the  tapes  is  so  much  more  ex- 
pensive than  by  the  Morse  system,  and  so  much  more  compli- 
cated, and  adds  so  much  to  the  delay  of  the  business,  that  neitlier 
the  managers  of  the  telegraph  companies  nor  the  public,  whose 
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business  is  to  be  transacted,  will  have  anything  to  do  with  such 
systems.  That  seems  to  be  about  the  size  of  the  matter,  as  far 
as  I  can  get  at  it.  It  is  not  because  there  is  any  prejudice  at  all, 
for  there  is  no  reason  for  prejudice.  The  Wheatstone  system 
came  to  this  country  in  1 880,  and  I  believe  there  were  seven  cir- 
cuits put  up,  and  1  think  there  are  not  live  to-day.  If  it  had 
been  a  good  thing,  and  had  satisfied  the  demands  of  the  public, 
and  also  had  satisfied  the  managers  of  the  companies  in  respect  to 
economy,  it  certainly  would  have  been  used  more  extensively. 
It  does  a  large  number  of  words  per  minute,  and  when  duplexed, 
it  is  very  efficient. 

The  President  : — I  understand  Mr.  Jones  to  say  .that  the 
limit  of  speed  of  the  Morse  system  is  thirty  words  a  minute  for 
each  operator,  and  if  that  is  quadruplexed,  it  makes  120  words  a 
minute.  So  that  the  diflEerence  between  a  quadruplex  Morse 
system,  and  a  duplex  system  of  this  kind  would  be  the  difference 
between  1^0  and  200.     Am  I  right? 

Mr.  Jones  : — Let  me  explain  upon  what  I  based  my  figures. 
Between  New  York  and  Boston,  and  some  other  cities,  we  have 
a  system  in  the  Postal  Telegraph-Cable  Company  of  paying  an 
operator  so  much  a  day  for  his  labor.  He  begins  work  at  eight 
o'clock  in  the  morning  and  quits  at  five-thirty  in  the  evening, 
with  a  certain  time  for  luncheon.  We  put  four  of  those  opera- 
tors on  a  quadruplex  in  New  York,  and  there  are  four  in  Boston. 
Those  operators  get  a  premium  on  each  message  beyond  a  certain 
number  that  they  handle  in  a  day.  So  that  they  get  their  regular 
salary  and  in  additioi>  to  that  so  much  per  message  over  and 
above  the  number  they  are  expected  to  do  lor  that  salary.  Con- 
sequently they  have  quite  an  incentive  to  do  their  very  best.  Of 
course  the  business  is  ample  to  furnish  all  they  can  do.  Now,  it 
has  been  found  that  an  operator  in  New  York  sending  to  Jin 
operator  in  Boston  during  that  time  will  do  at  the  rate  of  60  to 
65  messages  per  hour,  and  they  average  thirty  words  per  mes- 
sage. I  have  taken  thousands  of  messages  out  of  our  files,  not 
only  in  one  year  but  for  years  past,  at  intervals  of  one,  two  or 
three  years,  and  counted  them,  and  they  vary  between  twenty- 
nine  and  a  fraction  and  thirty  words  a  message  invariably.  It  is 
a  very  singular  thing,  but  that  will  happen  any  time  you  count  a 
bundle  of  messages  indiscriminately.  The  very  highest  rate  of 
Morse  transmission  is  about  thirty  words  a  minute.  Those  are 
the  very  best  operators — the  very  flower  of  the  flock.  Now,  if 
you  take  the  general  run  of  operators,  where  there  isn't  piece 
work,  and  where  they  are  not  inclined  to  exert  themselves  to 
such  an  extent,  where  there  is  no  incentive  for  it,  I  should  think 
if  you  got  fifteen  words  per  minute  on  an  average,  you  would  be 
doing  very  well,  indeed. 

The  President  : — I  suggest  that  if  there  is  no  further  discus- 
sion, the  meeting  might  formally  adjourn,  and  we  can  then 
gather  around  this  machine  and  have  Mr.  Murray  show  it  to  us 
in  operation,  as  he  has  kindly  offered  to  do. 

[Adjourned,] 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 


New  York,  February  28,  1901. 

The  15l8t  meeting  of  the  Institute  was  held  this  date  at  12 
West  31  St  Street,  and  was  called  to  order  by  President  Bering 
at  8.30  P.M. 

The  Sboeetary: — At  the  meeting  of  the  Executive  Com- 
mittee this  afternoon  the  following  Associate  Members  were 
elected : 

Name.  .  Addres«. 

Batlbt,  Guy  Ltnpibld  Assistant  Manager  Engineer- 
ing Department,  The  Amer- 
ican Trading  Co.,  No.  2H 
Yokohama,  Japan. 

Beush,  Frbd*k  Fa KN8 worth    Engineer  in  charge  for  Mr. 

F.  J.  Sprague.  Societie  Fran- 
caise  dprague,  tf  Rue  de 
Madrid.  Paris,  France. 


HoxiE,  Gig.  L. 
Lbbds,  Nobhav 
Samtillb,  Hbnbt  F. 

TOWNLBT,    CaLYBBT 

ToUl  6. 


Endoraed  by. 

A.  M.  Hunt. 
Wynn  Meredith. 
C.  L.  Cory. 

Joseph  Sachs. 
Wm.  J.  Uammer. 
Ralph  W.  Pope. 

Fred'k  Bedell. 
Harris  J.  Ryan. 
Edw.  L.  Nichols. 


Student  in  Electrical  En^n- 
eering.  Cornell  University, 
1192  Cascadilla  Place,  Ith- 
aca. N.  y. 

Electrical   Engineer,   Western    H.  F.  Albright. 
Electric  Company,  468  West  F.  A.  Muschenheim. 
St.,    New   York,   residence,    Geo. A.  Hamilton. 
Stamford,  Conn. 


Secretary  and  Electrical  En- 
gineer, Morris  Electric  Co., 
Splice  and  Terminal  Co.,  16 
Cortlandt  St.,  residence,  218 
W.  106th  St.,  New  York. 

Manager,  Boston  Office  West- 
inghouse  Elec.  &  Mfg.  Co., 
68  State  St.,  Boston,  Mass. 
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F.  B.  Crocker. 
Max  Osterberf . 
Max  Loewenthal. 


Chas.  F.  ScoU. 
L.  B.  Stillwell. 
Wm.Lisp'dRobb. 
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The  following  Associate  Members  were  transferred  to  full 
Membership. 

Approved  by  Board  of  Examiners.  October  26th.  1900. 

Clabe  F.  Bbames  Chief  Engineer,  Compania  Mexicana  de  Gazy  Luz 

Electrica,  City  of  Mexico. 

James  A.  Wotton,  Manager  Wotton  Electric  &  Mfg.  Co.,  Atlanta,  Ga. 

Fkedebick  W.  Hadlet,      Electrical  Engineer,  care  of  Westinghouse,  Church, 

Kerr  &  Co.,  New  York. 

Approved  by  Board  of  Examiners.  October  12,  1900. 

Stevens,  J.  Franklin  President  Keystone  Electric  Instrument  Co.,  9th 

St.,  and  Montgomery  Ave.,  Philadelphia,  Pa. 

Vablbt,  Richard  Jr.  President,  the  Yarley  Duplex  Magnet  Co.,  138  7th 

Street,  Jersey  City. 

Lbtden,  Harrt  Russell     Mgr..   Hamilton  Elec.   Lt.   &  Cataract  Pr.   Co., 

Hamilton,  Ont. 

The  President  : — The  paper  of  the  evening  is  on  "  Important 
European  Electrical  and  Engineering  Developments  at  the  Close 
of  the  Nineteenth  Centuiy,"  by  Mr.  William  J.  Hammer. 

Mr.  Hammer  read  the  paper. 


Digitized  by  VjOOQLC 


A  /«/tfr  frtfnied  at  tk*  isrtt  Mttting  0/ 
tlU  Amtriemn  Institute  0/  EUetrictU  Engine 
ters^Hew  York^  February  MStk^  iqoi.  Presi- 
dent Hering-  in  the  Chair, 


IMPORTANT  EUROPEAN  ELECTRICAL  AND  ENGI- 
NEERING DEVELOPMENTS  AT  THE  CLOSE 
or  THE  NINETEENTH  CENTURY. 

BY   WILLIAM   J.    HAMMER. 

The  author  of  this  paper  has  found  it  impossible  to  do  even 
scant  justice  to  those  subjects,  which  he  has  selected,  without 
goin^  somewhat  fully  into  details  in  each  case.  He  will  not 
attempt  to  read  it  in  full,  but  endeavor  to  present  the  salient  points 
as  the  lantern  slides  are  shown. 

The  Telephonooraph. 

The  telephonograph,  or,  as  it  is  sometimes  called,  the  "tele- 
graphone,"  the  ""microphonograph,"  and  the  "magnetophono- 
graph,"  is  the  invention  of  a  Danish  electrical  engineer,  Mr. 
Waldemar  Poulsen,  of  Copenhagen,  Denmark.  This  beautiful 
and  ingenious  instrument  was  considered  by  all  those  who  had  the 
opportunity  of  seeing  and  testing  it  at  the  recent  Paris  Exposi- 
tion to  be  the  most  interesting  scientific  novelty  there  exhibited. 
In  principle  it  is  so  simple  it  seems  remarkable,  that  with  all  our 
familiarity  with  electricity  and  magnetism,  such  an  invention 
should  not  have  been  made  long  ago.  The  apparatus,  which  is 
indicated  in  Fig.  1,  consists  of  a  drum  of  brass  about  11^"  in 
length  by  5^''  in  diameter.  On  this  drum,  which  is  revolved  by 
means  of  an  electric  motor,  is  wound  225  turns  of  steel  piano 
wire,  of  a  diameter  of  about  one  mm.  Supported  above  this 
wire,  and  in  contact  therewith,  is  a  tiny  magnet,  such  as  are 
shown  in  Fig.  2,  letters  a  and  c  which  are  almost  natural 
size.     This   magnet  is  attached  to    a   brass  support,    mounted 
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on  a  shaft,  so  that  as  the  drum  or  cylinder,  carrying  the 
steel  wire  revolves,  the  magnet  is  caused  to  move  from  right  to 
left  across  the  drum,  being  guided  by  a  grooved  finger,  resting 
upon  the  steel  wire  on  the  drum,  each  turn  in  the  steel  wire  pass- 
ing consecutively  before  the  poles  of  the  tiny  magnet.  On 
reaching  the  end  of  the  cylinder,  an  arm  mounted  on  the  left  side 
of  the  frame  strikes  the  tiny  lever  shown  in  the  illustration,  rais- 
ing the  magnet,  and  causing  it  to  run  rapidly  back  to  the  beginning 
again  (the  carrier  being  guided  by  the  coarse  threaded  shaft, 
shown  parallel  to  the  supporting  shaft)  this  operation  taking  but 
five  seconds.     The  legs  of  this  magnet  are  about   -^V'  '^"g?  ^^^ 


Fig.  1.— Poulsen's  Steel  Wire  Telephonograph- 

are  wound  with  bobbins  of  wire  of  about  the  same  size  as  those 
employed  on  an  ordinary  receiving  telephone  magnet.  A  cross- 
section  of  the  magnet  is  shown  in  Fig.  2,  letter  c.  It  has  been  found 
that  a  horseshoe  form  of  magnet,  as  shown  in  Fig.  2,  letters,  will 
not  respond  rapidly  enough,  and  it  is  preferable  to  employ  two  separ- 
ate magnets  electrically  connected,  as  shown  in  Fig.  2,  letter  c.  In 
the  ribbon  form  of  telephonograph,  the  horseshoe  magnet  shown  in 
Fig.  2,  letter  d,  may  be  used,  but  even  here  two  magnets  electrically 
connected  are  preferable.  This  recording  electro-magnet,  which 
has  a  resistance  of  100  ohms,  is  connected  in  circuit  with  an  or- 
dinary carbon  telephone  transmitter,  and  a  couple  of  cells  of  bat- 
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tery,  and  preferably  with  an  induction  coil  in  the  usual  manner. 
When  the  transmitter  is  spolcen  into,  it  acts  as  a  tap  upon  the 
battery,  and  causes  currents  of  varying  strength,  and  in  propor- 
tion to  the  strength  of  the  sound  waves  impinging  upon  the  dia- 
phragm, to  pass  through  the  wire  wound  on  the'  electromagnet. 
Now  as  the  steel  wire  wound  on  the  drum  passes  in  front  of,  and 
in  contact  with  the  poles  of  the  magnet,  its  varying  mugnetio 
field  magnetizes  transversely  the  steel  wire,  and  the  "lines  of 
force"  are  permanently  recorded  therein.  After  the  steel  spiral 
has  been  filled,  which  operation  takes  about  39  seconds  at  an  or- 
dinary speed  of  talking,  and  records  100  to  120  words,  the  tiny 
magnet  is  placed  at  the  point  where  the  record  first  started,  and 
in  place  of  the  transmitting  telephone  with  which  it  was  con- 
nected, a  Bell  receiving  telephone  is  attached.  The  cylinder  or 
drum  again  revolves,  and  as  the  magnetized  steel  wire  passes  be- 
fore the  poles  of  the  electromagnet,  it  forms  a  species  of  magneto- 
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Pio.  2. — Telephonograph  Magnets. 

electric  generator,  giving  out  currents  of  electricity  of  a  strength 
and  direction  corresponding  to  the  magnetization  of  the  steel 
wire,  which  correspondingly  affect  the  Bell  telephone,  and  repro- 
duce the  sounds  and  words  originally  spoken  with  absolute  fidel- 
ity. In  Edison's  phonograph  and  its  modifications,  such  as  the 
graphophone,  gramophone,  etc.,  a  stylns  is  always  employed  to 
indent  the  surface  of  wax,  metal,  or  other  yielding  substance.  The 
stylus  resting  upon  such  a  surface,  and  being  attached  as  it  is  to  the 
vibrating  diaphragm  of  the  phonograph  transmitter,  is  affected 
by  the  dampening  effect  of  the  needle  or  its  inertia,  and  the 
higher  harmonics  are  more  or  less  destroyed,  and  there  are  also 
false  sounds  produced,  due  to  the  molecular  disturbances  in  the 
needle  and  diaphragm  itself.  Although  Mr.  Edison  has  recently 
made  remarkable  improvements  in  the  perfection  of  recording 
and  reproducing  by  means  of  his  phonograph  over  his  earlier 
forms,  there  are  difficulties  such  as  I  have  referred  to,  which  it 
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has  heretofore  been  impossible  to  overcome.  In  Pouleen's  tele- 
phonograph,  however,  the  tiny  magnet  not  being  in  contact  with 
the  steel  wire,  the  lines  of  force  are  silently  stored  up,  and  with- 
out being  aflfected  by  extenial  influences.  The  author  has  had 
considerable  experience  in  working  with  various  types  of  phono- 
graphs, and  was  accorded  facilities  to  examine  and  operate  the 
telephonograph,  both  at  Paris  and  at  Berlin,  and  still  more  re- 
cently here  in  New  York.  In  Berlin,  Messrs.  Mix  and  Genest 
have  for  some  time  past  been  conducting  a  laboratory  for 
experimental  developmeat  of  the  telephonograph,  and  through 


Fio.  8.— Poul8on*8  Band  Telephonoji^raph. 

their  courtesy,  and  that  of  Director  Zopke,  I  was  aflForded 
the  pleasure  of  visiting  this  laboratory,  and  saw  some  very 
interesting  developments  in  this  promising  field.  I  found 
the  instrument  would  record  and  reproduce  the  most  delicate 
sounds,  even  breathing  and  very  low  whispering,  and  certain 
words,  which  those  who  have  had  experience  in  working  with 
the  phonograph  know  have  always  been  very  difficult  to  record 
and  reproduce  perfectly.  All  have  been  taken  care  of  most  per- 
fectly by  the  telephonograph.  If  it  is  not  desired  to  retain  the 
record  made  upon  the  steel  wire,  the  recording  magnet  is  placed 
at  the  end  of  the  drum,  and  connected  with  a  couple  of  cells  of 
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battery,  which  supply  a  constant  magnetizing  current  to  the  mag- 
net, which  entirely  obliterates  the  records  which  had  been  stored 
up  in  the  steel  vrire,  as  this  wire  is  passed  before  the  poles  of  the 
magnet.  A  permanent  magnet  may  also  be  employed  for  this 
purpoae. 

Another  type  of  instrument  which  Mr.  Foulsen  has  designed, 
is  shown  in  Fig.  3.  This  consists  of  two  reels,  carrying  a  band 
or  ribbon  of  steel  about  -f^*'  wide  and  about  ^'^  thick.  This 
steel  ribbon  which  may  be  made  of  any  length  and  which  may  be 
recorded  upon  for  an  hour  or  more  at  a  time,  is  passed  from  one 
reel  to  the  other — the  reels  being  operated  by  a  small  electric 
motor.  Above  the  steel  band  or  ribbon  is  placed  a  tiny  electro- 
magnet of  the  form  shown  in  Fig.  2,  letter  d,  which  is  connected  to 
a  telephone  transmitter  and  battery,  in  the  same  manner  as  in  the 
instrument  already  described,  and  after  a  record  has  been  made, 
is  also  connected  to  a  Bell  telephone,  as  a  reproducing  instrument. 
It  is  stated  that  these  steel  ribbons  after  receiving  the  magnetic 
record  could  be  wound  in  many  layers,  similar  to  a  spool  or  bob- 
bin of  ribbon  without  affecting  the  record,  and  that  the  record 
could  be  reproduced  thousands  of  times.  It  is  said  that  a  record 
has  been  reproduced  8,200  times  and  has  still  been  very  perfect, 
and  such  a  spool  containing  a  record  could  be  shipped  across  the 
country  and  placed  on  another  machine,  and  would  reprbduce  the 
sounds  which  originally  caused  the  record,  with  absolute  perfec- 
tion, and  even  a  rusty  wire  containing  a  record  has  been  sand- 
papered and  polished,  without  affecting  appreciably,  the  record.  In 
Fig.  5,  letter  D,  is  indicated :  first,  how  the  steel  band  is  magnetized 
by  the  obliterating  magnet,  then  by  the  varying  field  of  the  re- 
cording magnet,  and  finally,  by  the  reversal  in  direction.  The 
Poulsen  telephonograph  in  its  ordinary  form  does  not  speak  louder 
than  an  ordinary  Bell  telephone.  I  would  suggest  the  employ- 
ment of  Edison's  " electro-motograph "  or  "chalk"  telephone 
receiver,  by  means  of  which  it  could  be  made  to  speak  very  loud. 
(An  audience  of  5,000  has  been  able  to  hear  perfectly  this  Edi- 
son's loud  speaking  telephone).  Mr.  Poulsen  has  suggested  a 
number  of  other  methods  by  which  the  sound  could  be  augmented. 
It  is  claimed  that  by  increasing  the  speed  during  reproduction, 
over  that  of  the  recording  speed,  that  the  telephone  speaks  much 
louder.  This  would,  however,  tend  only  to  increase  the  pitch, 
and  not  improve  the  volume  of  the  sound.  Other  methods  sug- 
gested by  Mr.  Poulsen  are  indicated  in  Fig.  5,  letters  a  and  c.  They 
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consist  in  substance  of  methods  for  causing  one  transmitter  to 
make  a  number  of  records  on  separate  steel  wires  or  bands  which, 
on  repeating,  cause  the  various  reproducing  magnets  to  simultane- 
ously aflEect  the  one  telephonic  receiver.  It  has  also  been  pro- 
posed to  utilize  the  tclephonograph  as  a  talking  newspaper.  In 
Fig.  4  is  shown  a  method  which  it  is  proposed  to  employ.  As 
the  steel  ribbon  which,  in  this  particular  form  is  endless,  and 
which  is  receiving  the  record,  passes  from  one  reel  to  the  other, 
as  indicated  by  the  arrows,  it  passes  consecutively  before  each  of 
the  receiving  magnets,  which  are  shown  in  horseshoe  form,  but 
which  may  also  be  single  pole,  and  the  subscribers,  whose  tele- 
phones are  attached  to   these  magnets,  are  thus  constantly  being 
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supplied  with  the  latest  news  of  the  day,  stock  quotations,  etc. 
After  the  ribbon  or  band  has  passed  before  these  magnets,  the 
obliterating  magnet  wipes  out  all  of  the  magnetic  lines  of  force 
stored  up  in  the  steel  band,  and  it  then  passes  on  to  receive  fresh 
impressions  from  the  recording  magnet  and  telephone.  In 
this  connection  I  wish  to  saj^  that  in  Budapest,  I  recently  found 
a  talking  newspaper  system  being  run  in  connection  with  the  sup- 
plying of  music,  and  talking  from  the  theatres  by  means  of  the 
"  theatrophone."  During  the  day  the  subscribers  were  constantly 
being  informed  of  the  latest  news  of  importance.  This  service 
which  supplied  many  thousands  of  subscribers  was  independent 
of  the  regular  telephone  service.  I  also  remember  equipping  the 
Theatrophone  Co.  in  Paris  in  1889  with  two  Edison  phonographs, 
for  a  like  purpose — this  being  the  firet  attempt  in  this  direction. 
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Manj  suggestions  have  recently  been  made  for  employing  the 
telephonograph  in  telegraphic  and  telephonic  work,  just  as  were 
made  many  years  ago  when  Edison  invented  his  phonograph.  It 
remains  to  be  seen  how  important  the  practical  applications  of 
this  wonderful  scientific  instrument  will  become,  but  it  is  self-evi- 
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Fib.  5. — Proposed  Methods  for  Increasing  Volume  of  Sound  and  for  Duplexing. 

dent  that  any  invention  possessing  such  intrinsic  merit,  is  certain 
sooner  or  later  to  meet  with  important  commercial  applications. 
The  author  in  common  with  many  others  has  used  the  phono- 
graph in  his  oflSce ;  dictating  at  his   convenience  his   correspoD- 
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dence  upon  the  cylinders,  from 
which  it  was  later  transcribed  by 
the  typewriter.  He  was  recently 
shown  and  operated  a  form  of 
Poulsen's  telephonograph,  which 
had  three  magnets  attached  to 
the  recording  magnet  carrier, 
which  enabled  him  to  start,  stop, 
^nd  reverse  the  movement  of  the 
carrier,  and  also  obliterate  errors 
in  the  wire.  In  Fig.  5,  letters  B 
and  E,  are  shown  two  ipethods 
proposed  for  duplexing.  The 
two  sets  of  magnets  are  shown 
connected,  in  the  one  case,  in 
parallel;  and  in  the  other,  in  series. 
These  magnets  may  all  be  con- 
nected in  series,  or  all  in  multiple, 
but  it  is  essential  that  they  should 
be  with  the  proper  polar  rela- 
tion. It  is  claimed  that  these  two 
sets  of  recording  magnets  send 
waves  of  a  diflFerent  character 
over  the  line,  and  at  the  re- 
ceiving end  of  the  circuit,  each 
reproducing  magnet  wHl  respond 
to  its  proper  wave.  I  believe  the 
form  shown  in  Fig.  5,  letter. e,  has 
never  been  demonstrated  to  be 
practicable,  but  the  one  employ- 
ing the  two  ribbons  shown  in  Fig. 
5,  letter  b,  has  been  operated  suc- 
cessfully. Suggestions  have  been 
made  for  using  the  telephono- 
graph as  a  tdcphonic  relay,  and  I 
am  informed  that  some  experi- 
ments have  been  made  recently  in 
this  direction,  in  Europe,  and  it 
may  perhaps  not  be  out  of  place 
in  this  connection,  to  call  atten- 
tion  to  the  experiments   made 
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by  the  author  in  employing  the  phonograph  as  a  telephonic 
relay,  at  the  time  of  his  lecture  on  "Edison  and  His 
Inventions,"  delivered  before  the  Franklin  Institute  on 
Feb.  4:th,  1889,  which  experiments  were  described  in 
the  Electrical  World  of  Feb.  16th,  1889,  and  other  papers, 
and  subsequently  more  fully  described  in  the  Electrical  World 
<md  Engineer^  of  June  3rd,  1899.  The  diagram  shown 
in  Fig.  6  illustrates  very  clearly  the  arrangement  of  the  two 
phonographs,  four  telephones,  two  sets  of  induction  coils  and  bat- 
teries and  other  apparatus,  circuits,  etc.,  and  these  experiments, 
constitute,  I  believe,  the  first  practical  form  of  telephonic  relay, 
which  has  ever  been  constructed,  and  which  operated  with  per- 
fect success  over  104  miles  on  the  lines  of  the  Long  Distance 
Telephone  Company,  between  New  York  and  Philadelphia.  (It 
is  interesting  to  note  that  the  sound  passed  through  the  air  five 
times,  through  fifteen  separate  mediums,  and  changed  its  phy- 
sical characteristics  48  times  in  transmission.)^ 

[The  author  here  exhibited  samples  of  the  steel  wire,  steel 
ribbon  and  magnets  employed  in  connection  with  the  Foulsen 
Telephonograph.  ] 

The  Langen  Mono-Rail  Suspended  Railway. 

It  is  not  possible  at  this  time  to  go  into  the  history  of  the 
development  of  suspended  railways.  It  suffices  to  say  that 
practically  all  of  the  designers  and  constructors  of  such  systems 
have  feared  the  oscillations  of  the  suspended  carriages,  and  have 
resorted  to  auxiliary  carrying  rails  or  guiding  rails,  the  latter  be- 
ing designed  to  prevent  lateral  swaying,  and  take  up  side 
pressures.  Various  types  of  swinging  railways  have  been  termed 
"mono-rail,"  although  it  is  probable  that  the  Engen-Langen  sys- 
tem, now  being  installed  between  Barmen,  Elberfeld,  and  Yoh- 
winkle,  near  Cologne  in  Germany,  is  the  only  line  to  which  this 
term  can  strictly  be  applied.  The  original  plan  for  this  road  con 
templated  a  two-rail  track,  but  the  experts  called  in  by  the  Barmen 
and  Elberfeld  municipalities  to  advise  upon  the  Langen  system, 
finally  decided  upon  the  single  rail  plan,  it  being  decided  that 
the  mass  of  the  carriage  was  so  great,  and  its  vibrations  so  slow, 
that  it  would  be  possible  to  get  rid  of  unpleasant  oscillations 
without  its  being  necessary  to  use  auxiliary  rail?.   It  was  believed 

1.  See  Electrical  World  and  Engineer  of  June  8d,  1809. 
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that  guide  rails  sacrificed  most  of  the  advantages  which  sus- 
pended railway  carriages  presented.  Considering  certain  dis- 
advantages in  surface  roads,  it  is  claimed  that  apart  from  the 
limits  of  speed,  which  points  and  switches  impose,  the  two  raib 
of  surface  tracks  are  themselves  detrimental,  as  they  cannot 
always  be  kept  parallel,  or  at  the  same  level.  The  carriages  con- 
sequently must  vibrate,  and  the  permanent  structure  be  aflFected 
more  or  less  seriouslj'.  On  curves  in  surface  lines,  the  outer  rail 
is  raised,  care  being  exercised  not  to  overdo  it,  and  the 
ratio  in  the  level  of  the  rails  varies  with  the  speed.    High  speed 


Fig.  7. — Suspended  car  passing  over  Wupper  River. 

is  generally  impossible  on  surface  lines,  and  when  elevated 
structures  with  double  tracks  are  employed,  they  are  of  necessity 
objectionable  from  an  esthetic  point  of  view,  and  they  further- 
more obscure  the  light.  A  mono-rail  track  will  be  lighter,  and 
in  every  way  less  objectionable.  Curves  can  be  managed  with 
but  slight  oscillations, — in  fact,  curves  with  a  radii  of  50,  25  and 
10  metres  have  been  passed  over  with  speeds  of  41,  30  and  16 
miles,  deflecting  the  carriages  by  35,  b6  and  27  degs.,  and  still 
no  motion  was  felt  by  the  passengers.  The  carriages  on  the* 
Elberfeld  road  do  not  diverge  more  than  seven  degrees.  The 
sharpest  curve  of  the  track  proper,  has  a  radius  of  295  feet ;  and 
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only  where  some  exceptional  accident  happens  to  the  structure 
or  foundations  thereof,  is  there  any  danger  of  derailment.  Prof. 
Dolezalek  of  Hannover,  after  inspecting  the  Elberfeld  line,  in 
March,  1900,  stated  that  such  a  system  might  with  great  ad- 
vantage be  employed  at  the  termini  of  railways  in  large  towns, 
where  an  extra  suspended  line  could  be  placed  over  the  perma- 
nent track,  thus  utilizing  the  same  area  for  two  railway  lines, 
increasing  the  carrying  capacity  of  the  road,  without  enlarging 


Fio.  8. — Structure  above  Wupper  river  and  bridge. 

the  site,  and  by  this  means  sending  the  long  distance  high  speed 
traffic  over  the  elevated  structure,  reserving  the  surface  track 
with  its  complications,  for  the  local  traffic.  The  length  of  the 
Elberfeld  line :  when  completed,  will  be  eight  and  one  quarter 
miles;  6.2  of  which  passes  over  the  Eiver  Wupper,  a  tributary 
of  the  Rhine,  which  varies  in  width  from  68  to  115  feet.  Bar- 
men, Elberfeld  and  Vohwinkle,  which  towns  the  railroad  con- 
nects, are  situated  in  the  narrow  Wupper  Valley.  No  satisfactory 
route  existed  for  a  surface  road,  and  it  was  deemed  im- 
practicable on  account  of  the  expense  and  engineering  diffi- 
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culties,  to  construct  an  ordinary  type  of  elevated  railroad.  I  wa» 
informed  by  the  engineers  of  the  Elektricitats  Aktiengesellschaf  t 
(formerly  the  Schuckert  Company)  who  are  constructing  the  road^ 
and  through  whose  courtesy  I  was  given  a  special  trip  over  a  com- 
pleted portion  of  the  road  at  the  time  of  my  second  visit,  on 
Nov.  12th,  1900,  that  the  total  construction  expense  for  the  loop 
track  atElberfeld,  amounted  to  $224,000.  per  mile,  and  the  total 
cost  of  the  road  when  completed  would  not  be  over  $2,500,000. 
for  the  eight  and  one  quarter  miles.  The  accompanying  illustrations 


Fig.  9. — Supporting  structure  over  Wupper  river. 

Figs.  7  to  12,  and  the  lantern  slides,  give  a  general  idea  of  the  con- 
struction of  the  road,  and  in  the  main  are  from  photographs  taken 
by  me  at  the  time  of  my  two  recent  visits.  The  cars  are  37.5  ft.  long 
by  6.5  feet  wide,  and  accommodate  50  passengers  each,  with  seats 
for  34,  who  enter  and  leave  by  two  side  doors,  opening  inwardly.  A 
partition  divides  the  car  into  smoking  and  non-smoking  compart- 
ments. Sections  of  the  opposite  sides  of  the  car  open  outwardly,  and 
become  a  platform  across  which  the  passengers  can  pass  to  the  cars 
of  a  train  going  in  the  opposite  direction,  in  case  of  an  accident  hap- 
pening, which  disables  a  car.    The  doors  lock  automatically,  and 
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the  raotorman  releases  the  catch.  The  end  platform  guard  rails 
can  also  be  lowered  so  that  the  passengers  can  pass  into  a  train 
following  the  disabled  one.  Two  telephone  wires  are  attached 
to  the  structure,  and  by  means  of  a  bamboo  pole,  carrying  metal 
clips,  connection  can  be  made  from  any  car  to  the  power  house, 
and  various  stations  on  the  line.  Automatic  ticket  vending 
boxes  are  nsed  along  the  line.  The  currents  supplied  to  the  up 
and  down  track  are  8eparate,and  a  large  storage  battery  is  installed 


Fig.  10.— Railway  passing  over  roadway. 

at  the  central  station.  Each  train  consists  of  two  carriages, 
but  may  be  increased  to  four  or  more,  all  connected  together 
by  rods  to  secure  rigidity.  In  the  front  compartment  of 
the  first  carriage,  is  the  controller  for  all  the  motors.  As 
the  trains  always  move  in  the  same  direction,  it  is  not  nec- 
essary to  have  a  controller  at  the  other  end  of  the  car. 
Both  ends  of  each  car  are,  however,  equipped  with  hand  brakes 
and  automatic  Westinghouse  air  brakes  (supplied  with  a  pressure 
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of  115  pounds  per6q.incb,and  Laving  the  brake  shoes  bearing  upon 
the  top  of  the  wheels).  The  cars  are  also  equipped  with  circuit 
breakers.  Eacli  car  is  lighted  with  three  clusters  of  3/16  c.p.  lampi^ 
each.  Five  iron  pipes,  36  feet  in  length  and  four  inches  in  diameter, 
running  under  the  floor  of  the  car,  are  used  as  air  tanks,  and  also 
serve  to  strengthen  and  support  the  car.  Each  car  is  suspended  from 
two  bogies,  26  feet  apart,  each  running  on  two  wheels  35  inches 
in  diameter,  which  are  driven  by  an  electric  motor  of  36  h.  p. 
by  means  of  spur  gearing.     The  motor  is  fixed  between  the  two 


Fio.  1 1.— Showing  method  of  suspension,  motor,  etc. 

wheels,  and  is  clearly  indicated  in  Fig.  11.  The  lower  part  of 
the  hook-shaped  bogie  frame  is  adjustable.  The  round  rail 
heads  form  a  center  about  which  the  entire  car  can  oscil- 
late. The  bogie  frame  is  just  below  the  girder  member, 
which  bears  the  rail  curve  to  that  center,  and  the  gap  between 
girder  and  frame,  only  0.228,  is  so  small  that  the  wheel  cannot 
jump  from  the  rail,  and  thus  the  frame  would  be  held  tight  by 
the  girder  should  any  part  break.  The  structure  is  about  25 
feet  above  the  street  level,  and  the  lowest  portion  of  the  carriage 
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about  15  feet.     The  weight  of  the  carriage  with  its  load  of  50 
passengers  is  estimated  as  14  tons,  made  up  as  follows : 

Two  electric  motors  with  complete  electrical  outfit 6748  lbs. 

Two  bogies  with  buffers  and  cross  beams 3960  " 

Carriage  body  with  seats,  complete 12908  '* 

Passengers 7700  " 


Total 813t6  lbs. 

This  would  give  a  carriage  weight,  including  everything,  of  618 
lbs.  per  passenger.     The  superstructure  itself  weighs  only  700 


Fio.  12.— Doppersberg  Elevated  Station. 

lbs.  per  foot.  The  supports  are  placed  at  an  average  distance  of 
100  feet  apart.  It  is  proposed  to  run*  these  trains  every  three 
minutes,  and  at  an  actnal  speed  of  31  miles  an  hour;  the  aver- 
age speed,  including  stops,  will  be  about  20  miles.  With  the 
automatic  block  signal  system  installed,  they  may  be  safely  op- 
erated at  intervals  of  two  minutes.  As  already  stated,  the  two 
electric  motors  of  a  carriage  are  of  36  h.  p.  each.  They  may  be 
connected  in  parallel  or  in  series  in  the  usual  manner,  and  oper- 
ated at  600  volts.  The  current  is  taken  off  the  contact  rail, 
which  is  fixed  to  the  obliquely  fastened  insulators,  by  a  contact 
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shoe,  held  by  an  inclined  lever  controlled  by  a  compreBsion 
spring.  The  contact  rail  is  of  iron  with  a  round  head,  the  trol- 
ley shoe  embracing  it  and  making  good  contact  at  any  position 
taken  by  the  carriage.  It  is  estimated  that  with  trains  of  four 
carriages,  6,000  persons  could  be  despatched  per  hour,  in  either 
direction.  The  rails  are  4^'^  high  with  a  round  head,  and  2^" 
wide  with  lap  joints.  It  is  estimated  that  it  will  take  two  years 
more  to  complete  the  railroad.  At  the  time  of  my  last  visit  twelve 
of  the  20  stations  were  already  finished,  and  26  of  the  50  cars  com- 
pleted. Work  was  started  in  March,  1898 ;  in  January,  1899,  a  first 
test  of  400  metres  was  made.  On  the  24th  of  October,  1900, 
Emperor  William  was  given  a  special  trip  over  7i  kilometers, 
from  Vohwinkle  to  Elberfeld.  The  operation  of  this  road  will 
be  followed  by  engineers  with  great  interest,  and  it  remains  to  be 
seen  how  great  an  influence  it  will  have  upon  future  transporta- 
tion problems.  I  am  indebted  to  the  company's  engineer  and 
to  Engineering  for  the  data  presented.  I  understand  some 
6,003  engineering  drawings  were  prepared  in  connection  with 
this  notable  installation. 

The   Nkrnst  Lamp. 

The  Nemst  lamp  is  the  invention  of  Prof.  Walther  Nemst  of 
Gottingen  Univ.,  a  leading  authority  in  the  chemical  world  in 
which  his  originality  had  left  an  important  impress  before  he 
made  his  discoveries  resulting  in  the  electrolytic  lamp.  Prof. 
Nernst  informed  the  author  last  November  at  his  laboratory  in 
Gottingen,  that  the  discovery  of  the  principles  underlying  his 
lamp,  had  been  made  during  a  series  of  experiments  to  determine 
what  caused  the  efficiency  of  the  Welsbach,  or  as  it  is  called 
abroad,  the  "  Auer  "  mantle.  More  or  less  secrecy  has  been  ob- 
served as  to  the  materials  used  in  the  Welsbach  mantle,  but  it  is 
well  known  that  certain  metallic  oxides,  such  as  thorium,  yttrium, 
cerium,  zirconium,  glucinura,  erbium,  and  others  less  known, 
have  entered  into  their  manufacture.  Probably  the  first  three 
mentioned  are  the  ones  chiefly  used,  although  the  ingredients  and 
proportions  have  baen  varied  from  time  to  time.  These  very  re- 
fractory materials  are  of  a  yellowish  or  a  whitish  color.  They 
are  non-volatile,  save  at  exceptionally  high  temperatures.  Prof. 
Nernst  in  his  early  experiments  took  certain  of  these  highly  re- 
fractory substances,  such  as  magnesia  oxide  mixed  with  porcelain, 
which  form  high-class  insulators  when  cold,  but  which  he  found 
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were  dectrolytes  when  hot.  These  are  termed  conductors  of  the 
second  class,  or  such  chemical  substances  as  are  decomposed 
upon  the  passage  of  a  direct  current.  An  infinite  amount  of  ex- 
perimentation has  been  going  on  all  over  Europe  and  America  to 
tind  the  most  suitable  substances  for  these  electrolytic  filaments, 
or,  as  they  are  termed,  "glowers"  of  the  Nernst  lamp.  Accord- 
ing to  a  recent  number  of  the  Zeitschrlft  fur  Mektrochemie  of 
which  Prof.  Nemst  is  one  of  the  editors,  a  series  of  tests  have  re- 
-cently  been  made  upon  samples  of  glowers  composed  essen- 
tially of  the  oxides  of  zirconium,  thorium  and  yttrium,  together 
with  certain  rare  earths.  These  glowers  were  all  in  the  form 
of  thin,  straight  rods,  which  required  a  temperature  of  900  to 
1800  dags.  F.,  to  render  them  sufficiently  conducting  to  start  them 
operating  with  the  electrical  currents.  The  following  table  gives 
the  results  of  six  experiments  with  these  samples.  The  three  fig- 
ures in  each  case,  represent  the  observations  in  the  beginning 
and  end  of  the  experiments,  and  the  mean  values.  To  obtain  the 
mean  spherical  candle  power,  multiply  the  candle  power  in  the 
table  by  .78.  The  watts  given  is  solely  for  the  energy  consumed 
in  the  glower  itself,  and  to  this  should  be  added  from  five  to  fif- 
teen per  cent,  for  the  energy  consumed  in  the  steadying  resistance 
in  series  with  the  glower,  which  is  indispensable  in  the  actual 
-working  lamp : 


TABLE 


Life 
(hrs.) 

Volts. 

Amperes. 

Candle 
power. 

281 

184-191 

0.21-0.192 

28.5-24.5 

186 

0.208 

28.1 

808 

181-201 

0.22—0.19 

30.5—27.0 

190 

0.20 

29.8 

447 

190—208 

0.41 

64—57.5 

188 

0.41 

58.7 

249 

188-205 

0.41— 0.40 

67—70 

192 

0.40 

65 

532 

184—198 

0.85—1.0 

123—130 

189 

0.96 

129 

184 

180—192 

0.38 

57.7-58 

184 

0.88 

68.5 

Watts  per 

candle. 
1.33—1.50 

1.37 
1.80-1.42 

1.35 
1.21—1.45 

1.37 
1.12—1.17 

1.20 
1.27—1.50 

1.41 
1.19—1  26 

1.81 


The  efficiency  of  incandescent  illuminants,  as  far  as  radiation 
^oes,  depends  simply  upon  the  temperature.  The  carbon  fila- 
ment in  an  incandescent  lamp  is  structurally  too  weak,  and  has 
too  low  a  specific  resistance  to  stand    very   high  temperatures. 
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The  blackening  of  the  globe  of  an  incandescent  lamp  is  indicative 
of  its  rapid  disintegration,  and  of  the  fact  that  its  highest  practic- 
able temperature  lias  been  reached.  Probably  the  most  refrac- 
tory substances  thus  far  used  as  illuminants  are  zirconium,  used 
to  replace  the  lime  in  the  lime  light,  and  the  oxides  of  the  so« 
called  rare  earths  already  referred  to,  used  in  the  Welsbach  man- 
tle and  the  Nernst  lamp.  It  is  a  well-known  fact  that  the  Wels- 
bach incandescent  gas  mantle  falls  oft  in  candle  power  very  rap- 
idly.      I   believe   the  loss   is  about  25  per  cent,  in  the  first  60 


'  "^M:"^ 


Part  Section. 

Fio.  17. — Standard  Type  English  *•  Automatic"  Nemst  Lamp. 
100  Volts.     60  c.  p. 

hours.  So  closely  is  the  composition  of  the  Nemst  filament  or 
glower  related  to  the  Welsbach  mantle  burner,  that  it  is  an 
interesting  question  as  to  what  extent  the  Nernst  lamp  will  fall 
ofl!  in  its  efficiency.  The  greatest  difficulty  experienced  by  the 
mannfacturers  has  been  the  proper  clamping  of  the  filament.  I 
have  examined  some  of  the  platinum  connections  after  consider- 
able use,  and  they  seemed  to  have  been  eaten  away,  and  even  the 
glower  itself  is  slightly  diminished  in  thickness  and  become  crys- 
talline near  the  anode  or  positive  pole  in  lamps  run  on  a  continu- 

NoTK.— Figs.  15, 10  and  17  are  republished  from  the  London  Bleclridan. 


Digitized  by  VjOOQIC 


66  HAMMER  ON  EUROPEAN  ENGINEERING,        [Feb.  28, 

OU8  current.  Many  experiments  have  been  made  to  obviate  this  dif- 
ficulty, such  as  forming  a  blob  of  refractory  material  around  the  pla- 
tinum connections,  and  bringing  the  platinum  wire  to  the  surface  to 
reduce  somewhat  the  temperature  by  radiation.  There  seems  to  have 
been  also  considerable  difficulty  caused  by  expansion,  which  the 
London  Nernst  Company  claims  to  have  obviated  by  running  a 
platinum  wire  from  the  end  of  the  glower  through  the  loop  in 
the  supporting  wire,  enabling  the  platinum  to  slide  back  and 
forth  in  this  loop.  The  end  of  the  platinum  wire  is  bent  down? 
and  attached  to  the  supporting  wire  below  the  loop,  and  is  shown 
in  Fig.  16.  The  London  company  states  that  this  has  lessened 
the  breakage  considerably. 


A  B 

Pig.  18.— English  Type  * 'Torch  Lighting"  and  * 'Automatic"  Nernst  Lamps. 

In  Fig.  18  A  and  in  Fig.  15,  are  shown  illustrations  of  the  sim- 
plest form  of  Nernst  lamp,  of  the  type  manufactured  by  the  London 
company.  This  lamp,  which  is  of  16  c.  p.  at  100  volts,  requires  an 
alcohol  torch,  or  a  match  to  heat  up  the  glower  at  starting ;  the  globe 
of  the  lamp  is  open  at  the  bottom  to  permit  of  this  preheating. 
The  glower  is  a  tiny  white  filament  scarcely  as  thick  as  a  com- 
mon pin,  platinum  wires  wound  around  the  ends  attach  it  to  the 
supporting  wires  which  are  of  nickel,  the  junctions  to  the  glower 
being  covered  with  blobs  of  a  substance  similar  to  the  glower 
body  itself;  below  the  glower  is  shown  a  triangular  piece  of 
unglazed  biscuit  porcelain,  upon  which  is  wound  a  fine  platinum 
wire  called  the  "steadying"  resistance,  connected  in  ser- 
ies with  the  glower  which  has  a  tendency  to  run  to  excessive 
temperatures;  and  by  reason  of  its  rather  high  negative  tempera- 
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ture  coefficient  renders  such  resistance  necessary.  It  will  be  noted 
that  the  porcelain  is  hollowed  out  on  each  of  the  three  sides,  so 
that  the  platinum  which  has  a  large  positive  temperature  coeffi- 
cient rests  only  on  the  edges  of  the  triangle.  In  the  earlier  forms 
it  was  found  that  the  flat  surfaces  conducted  off  the  heat  of  the 
platinum  and  it  took  time  to  heat  up  the  porcelain  and  therefore 
it  would  not  act  as  an  automatic  regulator  and  increase  its  resis- 
tance properly  and  quickly.  The  nickel  supporting  wires  already 
referred  to,  pass  through  the  triangular  piece  of  porcelain,  termi- 
nating in  eye  pieces  which  engage  the  hook  connections  in  the 


/ 


/« 


-mymm^mm.- 


C— Glower.    H.— Heater.    S.  R— Steadying  ResisUnce.    R.— Rods  of  Porcelain.    C— Contact. 
S.— Spring.     M.— Magnet.     H.  G.— Hydtogen  Gas. 

Fio.  19.— Standard  Types  Automatic  Nernst  Lamps  shown  at  Paris  Exposi- 
tion, 1900,  and  as  used  in  Germany, 

base  of  the  lamp.  Thus  the  glower  and  steadying  resistance 
and  their  supports  represent  the  renewable  portion  of  the  lamp — 
or,  as  it  is  called  :  the  ^'replacement  piece."  It  is  illustrated  in 
Fig.  15. 

In  Berlin  and  other  places  iron  wire  was  extensively  employed 
owing  to  its  peculiar  properties,  and  in  order  to  prevent  oxidation 
and  make  it  operate  successfully  it  was  employed  in  an  atmos- 
phere of  hydrogen  gas.     Although  I  saw  many  lamps  employing 
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this  iron  resistance,  the  tendency  abroad  now  seems  to  be  to  do 
away  with  its  use  and  employ  platinum  or  some  special  alloy  in- 
stead. In  Fig.  19,  B,  is  shown  a  German  type  of  Nernstlampsuoh 
as  was  exhibited  at  the  Paris  Exposition  in  which  iron  steadying  re- 
sistance is  shown  sealed  in  a  glass  globe  containing  hydrogen  gas.  In 
Figs.  14  and  19  a,  are  shown  A.  E.  Gr.  German  types  of  lamps  em- 
ployed in  Gottingen  and  Berlin  which  show  a  platinum  steadying 
resistance  wound  over  two  rods  of  unglazed  biscuit  porcelain, 
and  in  Fig.  13,  (fourth  lamp  from  right  end)  is  shown  a  Hungarian 
type  of  lamp  (Ganz  &  Go's)  where  special  resistance  wires  are 
wound  on  porcelain  tubes  attached  to  both  supporting  wires  of 
the  glower  and  in  series  therewith. 

In  Gottingen — which,  by  the  way,  is  not  only  the  home  of  the 
inventor  of  the  Nernst  lamp,  but  enjoys  the  additional  distinction  of 
being  the  first  place  in  which  the  Nemst  lamp  was  commercially 
used  (they  claimed  to  have  300  in  use).  I  found  a  hotel 
in  which  lamps  had  been  employed  of  the  type  heated  with  an 
alcohol  torch,  where  their  use  had  been  discontinued  owing  to  the 
annoyance  caused  each  time  they  were  lighted.  There  is  also  an 
element  of  danger  from  fire  in  this  type  of  open  lamp,  and  they 
cannot  be  placed  where  subjected  to  a  strong  draft.  Remark- 
able as  it  may  seem,  here  is  an  electric  light  which  not  only  may 
be  lighted  with  a  match,  but  which  may  also  be  blown  out  by  a 
breath  of  wind.  This  type  of  lamp  is  much  more  apt  to  be  broken. 
It  would  of  course  be  unsuitable  for  use  in  mines,  or  in  certain 
places  where  the  carbon  incandescent  lamp  can  be  used.  The 
self-igniting  lamp  is  naturally  more  complicated  and  more  expen- 
sive, but  it  is  self-evident  that  it  is  the  lamp  which  must  be  used 
as  a  rule.  Nemst  lamps  of  this  type  are  illustrated  in  Figs.  16, 
17,  18  b,  and  19. 

To  explain  the  operation  of  the  automatic  or  self-lighting  type 
of  lamp,  when  the  current  is  first  turned  on,  the  heating  coil  shown 
in  Fig.  19  is  alone  in  circuit,  as  the  glower,  steadying  resistance, 
and  cut-out  magnet,  which  are  all  in  series,  form  a  shunt  around  it 
of  infinite  resistance ;  the  current  passing  through  the  heating  ooil 
soon  makes  it  red  hot.  The  glower  or  filament  of  refractory  ma- 
terial is  heated  by  radiation  and  convection,  from  the  coil;  until  its 
resistance  lowers  sufficiently  for  it  to  become  a  conductor  of  elec- 
tricity, (four  glowers  of  different  o.  p.  are  shown  in  the  foreground 
in  Fig.  13).  The  moment  this  happens  the  current  also  passes 
through  the  tiny  electro-magnet  inside  of  the  lamp  base  shown  in 
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Fig.  19  A  and  b,  and  which  is  in  Beries  with  the  glower,  and  which, 
in  attracting  its  armature  to  it,  opens  the  ciroait  of  the  heating  coil 
leaving  the  filament  or  glower  only  in  circuit  with  its  regu- 
lating or  steadying  resistance  and  the  magnet  winding.  It  takes 
approximately  10  seconds  for  the  lamp  to  light  up  after  the  circuit 
has  been  closed,  although  I  have  frequently  timed  lamps  where 
they  have  taken  as  high  as  40  seconds  to  light  up.  It  is  stated 
that  the  glower  of  the  Nernst  lamp  must  be  heated  to  700®  0. 
before  it  becomes  a  conductor  of  electricity.  The  "  heater,"  as  it 
is  called,  consists  of  a  thin  cylinder  of  porcelain,  around  which  is 
wound  a  very  fine  platinum  wire,  perhaps  .03  to  .04  mm.  in 
diameter.  The  cylinder  is  then  dipped  in  liquid  porcelain,  and 
after  drying  is  bent  in  a  spiral  form  by  wrapping  it  around  a  rod 
while  it  is  being  heated  by  means  of  a  blow-torch.  There  are 
usually  from  five  to  seven  turns  in  this  spiral. 

The  perishable  portions  of  the  Nernst  lamp — i,  ^.,  its  glower, 
the  heater  and  resistance — are  constructed  so  as  to  be  easily 
detached,  as  in  the  case  of  the  non-automatic  type  of  lamp,  and 
can  be  replaced  at  from  one-quarter  to  one- third  of  the  price  of 
the  lamp,  BO  that  while  the  original  cost  of  the  lamps  is  greater 
than  the  carbon  lamps  the  replacement  cost  is  less.  Keplacement 
pieces  for  both  torch-lighting  and  automatic  types  (English)  are 
shown  in  Figs.  15  and  16.  The  electro-magnet  will  of  course 
last  indefinitely.  In  the  replacement  piece  of  the  London  com- 
pany's lamp,  a  compression-spring  contact  is  used  for  one  con- 
nection  in  conjunction  with  two  eye  pieces  of  different  lengths, 
which  engage  two  hooks  in  the  lamp  base,  one  long  and  one 
short ;  this  makes  it  impossible  to  wrongly  connect  up  the  lamps. 

In  the  German  type  of  Nernst  lamp,  illustrated  in  Fig.  14, 
and  in  Fig.  19,  the  glower  is  placed  in  the  center  of  the  heating 
coil.  In  the  London  company's  type,  shown  in  Fig.  18  b,  the 
heating  coil  is  placed  below  the  glower  or  filament;  in  others 
(see  Figs.  16  and  17)  it  is  in  the  center  of  the  spiral,  as  in  the 
German  type. 

The  London  company  were  for  a  long  time  puzzled  in  their 
endeavors  to  get  rid  of  the  buzzing  noise  of  the  cutout  magnet 
when  operating  upon  alternating  current  circuits.  It  was  finally 
found  to  be  due  to  the  air  confined  back  of  the  armature,  by  rea- 
son of  the  form  they  employed ;  by  cutting  the  iron  away  a  trifie 
this  was  entirely  obviated. 
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The  company  is  now  standardizing  lamps  for  8,  16,  32  and 
higher  candle  power  for  circuits  of  100  volts  and  upwards. 

The  220-voIt  lamps  are  usually  made  of  25,  50  and  100  c.  p., 
although  I  saw  some  at  Ganz  &  Go's  works  at  Budapest  and  else- 
where of  as  high  as  160  c.  p.,  which  were  being  tested  ex- 
perimentally. 

All  of  the  lamps  which  I  saw  in  Europe  were  run  on  a  200  to 
220-volt  circuit,  excepting  a  few  I  saw  in  London  on  100-volt  cir- 
cuit8,  and  as  a  rule  25  c.  p.  lamps  were  used. 

In  the  large  types  of  lamps  it  was  found  that  the  magnet  coil 
was  frequently  burned  out  from  over-heating,  and  to  obviate  this 
the  shell  of  the  socket  was  perforated,  which,  however,  exposes 
the  connections  to  some  risks  of  short-circuits,  and  the  present 
form  will  doubtles3  soon  be  altered. 

The  fine  iron  wire  connected  in  series  with  the  filament,  which 
has  been  considerably  utilized  in  the  past,  has  usually  been  of 
about  .019  mm.  in  diameter.  This  iron  wire  and  platinum  wire, 
which  has  so  extensively  taken  its  place,  is  used  because  of  the 
glower  lowering  its  resistance  so  rapidly  when  the  temperature 
increases.  A  very  slight  variation  in  the  voltage  increases  very 
much  the  candle  power  of  the  filament  and  the  strains  upon  it. 
The  wire  is  so  proportioned  that  with  about  a  normal  current  it 
is  heated  to  a  range  of  temperature  of  about  450  to  500°  C.,at 
which  iron  has  a  very  rapidly  rising  temperature  characteristic — 
that  is,  its  resistance  increases  very  rapidly  with  an  increase  of 
temperature  caused  by  an  increase  of  current.  Being  in  series 
with  the  filament,  a  total  resistance,  which  determines  the  amount 
of  current  supplied  to  the  lamp,  will  be  the  sum  of  the  glower 
and  of  the  iron  steadying  wire,  and  as  one  decreases  with  in- 
crease of  temperature,  the  other  increases  and  compensates  for  it, 
keeping  the  sum  approximately  constant.  The  iron  resistance 
absorbs  about  10^  of  the  voltage.  As  pointed  out  by  Frof.  Nernst 
and  Dr.  Spies,  according  to  the  law  of  Kirchoff,  all  opaque  bodies 
emit  more  calorific  than  luminous  rays,  furnishing  what  is  termed 
the  normal  spectrum  of  an  opaque  body,  but  according  to  the 
well-established  electro-magnetic  theory  of  light  all  conductors  of 
electricity  are  of  necessity  opaque  to  luminous  radiations.  It  is  to 
be  expected,  therefore,  that  as  long  as  electrical  conducting  mate- 
rials are  used  as  light-emitting  substances  in  lamps,  the  bulk  of  the 
energy  expended  upon  them  will  be  wasted  in  thermal  radiations 
and  only  a  small  portion  will  be  transformed  into  luminous  radia- 
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tions.  It  is  impossible  to  make  an  efiScient  lamp  with  such  mate- 
rials except  under  the  conditions  of  working  at  the  temperature 
of  the  electric  arc. 

At  the  Paris  Exposition  the  A.  E.  G.  made  an  interesting 
exhibit  of  the  Nernst  lamp,  and  advertised  that  it  had  an  eflSoiencj 
of  1.6  watts  per  candle  power,  a  life  of  200  to  300  hours,  an 
E.  M.  F.  of  220  volts  and  from  25  to  50  c.  p.  Mr.  James  Swin- 
burne, in  his  lecture  before  the  Society  of  Arts,  February  8th^ 
1899,  stated  the  watts  per  candle  for  small  lamps,  including  the 
steadying  resistance,  as  1.5  and  for  large  lamps  as  1.6.  At  present 
the  London  company,  with  which  he  is  connected,  state  that  their 
Nernst  lamp  has  an  efficiency  of  1.7,  including  the  resistance  in 
series  with  the  filament. 

There  is  undoubtedly  a  large  field  for  the  application  of  lampg 
of  the  Nernst  type  between  the  field  occupied  by  the  16  tp  50 
0.  p.  incandescent  lamps  and  the  arc  lamp,  and  it  lends  itself  to 
decorative  effects  equally  well  with  the  incandescent  lamp.  The 
c.  p.  of  arc  lamps  is  something  that  has  never  been  satisfactorily 
determined,  and  it  has  not  infrequently  been  the  custom  in 
judging,  the  c.  p.  of  arc  lamps  to  "guess  at  it  and  multiply  by 
four."  In  o.  p.  steadiness,  color  of  light  and  ability  to  throw 
the  light  down  where  it  is  needed  and  in  requiring  less  atten* 
tion,  the  Nernst  lamp  will  doubtless  prove  superior  to  the  arc 
lamp.  There  will  be  little  difficulty  in  making  lamps  of  the 
Nernst  type  of  very  high  c.  p.  by  employing  longer  filaments, 
or  preferably  a  number  of  filaments  in  series  or  multiple  series, 
and  potentials  of  500  to  1,000  volts  may  thus  be  employed. 
Promising  as  the  Nernst  lamp  undoubtedly  is,  it  will  probably 
by  reason  of  the  difficulties  in  the  manufacture  of  the  lamp 
be  a  long  time  before  the  carbon  lamp  is  entirely  displaced,  if  it 
ever  is. 

Dr.  Otto  F.  Blathy,  Director  of  Ganz  &  Co.,  Budapest,  Hungary, 
who  together  with  Eggers  &  Co.  control  the  Nernst  patents  for 
Austria  and  Hungary,  told  the  writer  recently  in  Budapest,  that 
when:  the  Nernst  lamp  became  a  commercial  article,  there  would 
be  no  more  arc  lighting.  He  said  that  tests  made  by  them 
showed  that  for  a  given  number  of  watts  the  efficiency  of  the  Nernst 
lamp  was  greater  than  that  of  the  arc  lamp,  presumably  meaning 
the  spherical  c.  p.  Mr.  James  Swinburne  in  his  lecture,  said  : 
"  Once  the  *  Nernst '  becomes  so  general  that  systems  of  distribu- 
tion are  laid  out  to  suit  it,  instead  of  to  suit  the  carbon  lamp,  the 
carbon  lamp  is  'practically  out  of  running. '  " 
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In  this  connection  it  will  be  remembered  that  with  the  advent 
of  the  EdiBon  carbon  filament  incandescent  lamp,  it  was  believed 
that  gas  as  an  illuminating  agent  was  doomed,  whereas  it  has  been 
shown  that  the  incandescent  lamp  exercised  a  stimulating  and 
beneficial  influence  upon  the  gas  light,  which  is  more  extensively 
employed  to-day  than  ever.  The  tendency  of  all  great  inventions 
is  rather  in  the  line  of  building  up  than  tearing  down. 

It  is  impossible  to  operate  the  Nernst  lamp  in  a  vacuum,  at 
all  events  where  a  direct  current  is  employed,  as  being  an  elec- 
trolytic lamp,  it  is  said  to  be  necessary  to  admit  oxygen  to  re- 
oxidize  the  magnesium  liberated  at  the  cathode.  Where  con- 
tinuous currents  are  used  in  electrolytic  lamps  of  the  Nemst 
type,  the  liberation  of  ions  at  the  connections  produces  a  serious 
difficulty.  I  heard  it  claimed  by  some  while  abroad  that  the 
lamp  operated  more  satisfactorily  with  a  continuous  current. 
Others,  however,  were  positive  that  an  alternating  current  was 
preferable.  One  prominent  engineering  authority  went  so  far 
as  to  state  to  me  that  he  did  not  believe  that  the  lamp  would 
be  a  commercial  success,  except  when  operated  from  a  stor- 
age battery.  In  one  place  in  Gottingen,  which  installation 
employs  Korting  gas  engines  and  storage  batteries,  I  was  told 
that  ten  lamps  of  the  self-lighting  type  had  been  installed,  and 
in  four  hours  they  were  all  burned  out.  The  actual  results  at 
Gottingen  where  they  have  about  300  lamps  burning,  show,  I 
believe,  that  the  open  type  of  lamp  did  not  last  over  200  hours, 
and  the  automatic  or  self-lighting  type  did  not  last  over  100 
hour(?.  While  I  was  at  Gottingen,  a  telegram  arrived  from  Ber- 
lin requesting  the  return  of  all  of  the  new  automatic  or  self- 
lighting  lamps  sent  them  a  few  days  previously  (some  300  in 
number)  as  there  was  something  the  matter  with  them.  As  they 
had  already  put  out  about  50  of  them,  this  could  not  be  done. 
This  would  serve  to  indicate  that  even  after  the  several  years  of 
experimenting,  the  A.  E.  G.  who  were  the  parent  company, 
had  not  yet  succeeded  in  making  a  lamp  which  was  a  thoroughly 
commercial  article.  During  the  past  six  months,  I  have  seen 
the  Nomst  lamp  burning  in  the  following  places:  Fans, 
France;  Munich,  Bavaria;  Budapest,  Hungary;  Berlin  and 
Gottingen,  Germany,  and  London,  England,  and  my  own  im- 
pression is  that  the  American  type  will  shortly  lead  the  way. 

The  A.  E.  G.  have  been  for  several  months  past  putting 
out  lamps  in  Berlin.     They  charge  a  rental  or  royalty  of  three 
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marka  (about  72  cents)  per  jear,  and  30  pfennigg  (7.14  cents) 
for  renewals. 

The  lamp  globe  holder  and  the  butt  which  fits  into  the  socket 
are  sealed  together  by  a  lead  and  wire  seal.  I  was  informed 
that  any  of  these  lamps  having  the  seals  broken  or  any 
lamps  which  were  carelessly  broken,  had  to  be  repaid  for  at  the 
rate  of  three  marks  each  (about  72  cents.)  I  was  also  informed 
that  the  users  were  compelled  to  give  a  receipt  for  the  lamps, 
and  every  effort  was  made  to  prevent  the  lamps  from  getting  into 
the  hands  of  other  people,  and  to  prevent  their  being  examined. 

The  Nernst  lamp  gives  a  most  pleasing  light;  in  color  it 
stands  midway  between  the  yellow  and  red  rays  of  the  incandes- 
cent carbon  lamp  and  the  violet  and  blue  of  the  arc  lamp ;  it  is, 
however,  so  dazzlingly  white  that  it  is,  as  a  rule,  placed  in  ground 
glass  globes,  thus  securing  much  greater  diffusion  ;  with  a  loss  iu 
the  light  probably  not  exceeding  15  to  18  per  cent.  I  watched 
carefully  the  54  Nernst  lamps  installed  by  the  A.  E.  G.  in 
the  Caf^  Bauer  in  Berlin,  this  being  one  of  their  first  installations, 
and  the  light  certainly  produces  a  much  more  pleasing  effect  than 
the  carbon  incandescent  lamps  (used  in  certain  places  in  the  same 
fixtures)  and  is  also  superior  to  the  Welsbach  mantles  used  in  the 
same  rooms.  Arc  lamps  are  also  burned  in  front  of  the  caf^,  so  that 
in  this  one  installation  four  types  of  lighting  were  employed — 
three  of  them  being  electrical. 

Daring  my  three  weeks  stay  in  Berlin,  I  observed  carefully 
every  evening  the  54  lamps  which  were  here  installed,  and  which 
were  doubtless  on  account  of  their  prominent  position,  of  the 
best  type  made  by  the  A.  E.  G.  and  I  noted  that  there  were 
usually  from  two  to  fonr  or  five  lamps  out,  and  even  at  times  as 
high  as  eight  or  nine  out,  however  with  an  eflSciency  approximately 
half  that  of  a  carbon  filament  lamp  a  much  shorter  life  may  be  per- 
missible. It  was  also  quite  common — both  in  ttiis  installation 
and  others,  especially  at  the  Paris  Exposition,  where  the  A.  E. 
G.  exhibited  about  300  lamps,  to  see  the  lamp  running  with  the 
heating  coil  in  circuit,  giving  a  dull  and  sickly  light. 

I  have  endeavored  to  give  the  facts,  about  the  Nernst  lamp 
development  as  observed  by  me  during  my  recent  sojourn  abroad 
of  over  five  months.  I  have  no  desire  to  disparage  this  remark- 
able and  most  promising  advance  in  the  electric  lighting  field 
and  well  do  I  remember  when  an  assistant  at  Mr.  Edison's  labo- 
ratory at  Menlo  Park,  N.  J.,  in  the  incipient  stages  of  the  de- 


Digitized  by  VjOOQIC 


74  HAUMER  ON  EOROPEAN  ENGINEERING.        [Feb.  28, 

velopment  of  the  Edison  carbon  filament  electric  lamp,  the  diffi- 
culties met  with  ;  which  at  times  seemed  insurmountable.  There- 
were  novel  and  knotty  problems  to  solve  such  as  the  modem  in- 
candescent lamp  manufacturer  knows  not  of.  Personally,  I  have 
no  doubt  of  the  ultimate  solution  of  the  knotty  and  peculiar 
problems  met  with  in  the  manufacture  of  the  Nernst  lamp, 
nor  of  the  immense  value  this  invention  will  ultimately  reach  to 
the  owners  and  the  world  at  large. 

In  concluBion,  without  going  fully  into  the  history  of  the 
art;  reference  should  be  made  to  the  work  of  Jablochkoff, 
who  in  1878  made  use  of  sparks  from  an  induction  coil 
passing  from  one  of  the  parallel  carbon  pencils  of  his 
'*  candle"  to  the  other,  and  thus  heating  up  the  kaolin  insulator 
placed  between  until  it  became  a  conductor,  and  the  arc  once  es- 
tablished remained ;  being  supplied  by  the  dynamo  current. 

He  subsequently  used  a  piece  of  carbon  mixed  with  syrup  at 
the  top  of  the  candle  which  a  current  of  100  volts  heated  until 
the  kaolin  became  a  conductor  and  the  arc  was  supported. 

At  the  Paris  Electrical  Exposition  of  1881  and  in  the  following 
year  in  London,  the  "  La  Soliel "  lamp  was  shown  in  which  the 
arc  was  formed  by  drawing  rods  or  wires  across  the  face  of  a 
block  of  marble  until  it  became  heated  sufficiently  to  conduct 
the  electricity,  when  it  became  incandescent  and  gave  a  most 
beautiful  light. 

Demonstration : — The  author  here  proceeded  to  show  a  num- 
ber of  Nernst  lamps  burning;  illustrating  how  simply  they  could 
be  ignited  by  means  of  a  match  and  by  an  alcohol  flame  ;  and 
after  they  had  been  burning  for  some  time,  showed  how  they 
could  be  blown  out  by  blowing  upon  and  cooling  the  glower.  He 
also  placed  a  lamp  of  high  candle-power  in  front  of  a  fan  motor 
to  show  how  readily  it  would  be  extinguished,  or  as  he  expressed 
it,  "  how  easily  it  would  catch  cold."  He  also  exhibited  quite  a 
number  of  the  various  types  of  German,  Hungarian  and  English 
types  of  torchJighting  and  automatic  ^NTernst  lamps  and  glowers 
of  various  candle  power  in  a  glass  case  and  showed  samples  of  Mr» 
Longhan's  di-carbide  of  calcium  lamps  burning. 

The  Osmium  Lamp. 

During  my  stay  in  Vienna  last  October,  through  the  courtesy  of 
Director  Gallia  of  the  Auer  Company,  I  was  permitted  to  see 
several  of  the  new  ^'osmium"  incandescent  lamps  burning,  and 
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although  I  was  unable  to  secure  full  particulars  about  this  new 
and  interesting  development  I  learned  that  the  lamp,  which  is  the 
invention  of  Dr.  Auer  von  Welsbach,  operates  at  an  b.m.f.  of  25 
volts  and  shows  an  eflBciency  of  from  .9  to  1  watt  per  candle. 
The  tbre^  lamps  which  I  saw  in  use  were  all  connected  in  parallel 
and  operated  with  key  sockets,  and  differed  but  little  in  general  ap- 
pearanee  from  an  ordinary  carbon  filament  lamp.  The  globe  was 
somewhat  longer  than  an  ordinary  16  c.  p.  lamp,  and  the  filament, 
which  was  of  the  hairpin  shape,  was  much  longer.  It  must  be  used 
in  a  vertical  position,  owing  to  its  flexibility.  I  was  told  that 
these  lamps  had  shown  a  life  under  test  of  700  to  800  hours.  It 
will  be  interesting  to  learn  to  what  extent  the  low  voltage  of  the 
lamp  and  the  rarity  of  the  material  used  in  its  manufacture  will 
affect  its  commercial  application.  It  had  been  intended  to  show 
the  osmium  lamp  at  Paris  before  the  close  of  the  exhibition,  but 
there  was  not  sufficient  time.  "  Osmium,"  which  was  discovered 
byTennantin  1803,  is  a  blue-white  metallic  element  and  is  almost 
infusible.  For  a  long  time  it  was  known  only  as  a  crystalline 
grainlike  material ;  and  when  fused  in  the  electric  arc,  as  a  hard 
brittle  substance  unfit  to  be  worked.  I  was  informed  in  Paris, 
where  I  first  heard  of  this  lamp,  that  the  successful  method  of 
handling  this  material,  which  has  always  been  most  difficult  to 
work  with,  was  due  to  a  large  extent  to  Mr.  Waldron  Shapleigh 
of  the  American  Welsbach  Company,  which  concern  controls  the 
patent  rights  for  the  United  States.  According  to  Engineer  Scholz 
in  his  lecture  before  the  German  Incandescent  Gaslight  Co.,  on 
Jan.  23,  1901,  an  osmium  lamp  after  burning  1,500  hours  was 
still  intact,  and  had  fallen  off  in  candle-power  but  12  per  cent. 

Its  efficiency  at  starting  was  1.45  watts  per  o.  p.,  and  at  the  end 
of  1,500  hours  was  1.7  watts.  It  is  claimed  that  as  long  as  the 
filament  remains  intact  it  can  be  renewed  several  times.  While 
the  present  range  of  voltage  for  these  pure  osmium  lamps  is  25 
to  50  volts,  a  number  of  filaments  can  be  connected  in  series  or 
multiple  series  for  higher  potentials,  and  it  is  proposed  to  increase 
the  resistance  by  coating  or  uniting  the  osmium  with  certain 
oxides.  Mr.  Scholz  refers  to  a  test  conducted  upon  4-25  volt 
osmium  lamps  in  series,  and  4-100  volt  carbon  lamps  in  parallel, 
the  osmium  lamp  showed  a  consumption  of  0.96  amperes,  and 
the  carbon  lamp  2.40  amperes,  the  former  effecting  a  saving  of 
60  per  cent. 
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A  20  0.  p  osmium  lamp  run  at  27  volts  required  24  watts, 
and  a  20  c.  p.  carbon  lamp  required  68  watts,  the  former  effect- 
ing a  saving  of  44  watts,  or  about  35  per  cent. 

The  osmium  lamp  was  much  the  coolest,  by  reason  of  its 
higher  efficiency.  I  had  hoped  to  be  able  to  show  you  an  osmium 
lamp  this  evening  and  give  some  fuller  data,  but  was  unable  to  do 
so.  I  have  brought  with  me  a  number  of  the  foreign  types  of  Nernst 
lamps  for  your  consideration.  I  have,  also,  several  dicarbide  of 
calcium  lamps,  which  type  have  been  manufactured  to  some  ex- 
tent abroad.  They  are  the  invention  of  Mr.  Langhans,  of  Berlin, 
to  whom  I  am  indebted  for  them.  They  are  shown  in  Fig.  20. 
It  may  interest  some  of  our  members  to  learn  that  the 
Allgemeine     Elektricitats    Gesellschaft    of    Berlin,     are    now 


t 
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Fig.  20. — Laughan's  Di-carbide  of  Calcium  Lamps. 

making  all  their  carbon  filament  lamps  without  platinum 
leading-in  wires,  using,  so  I  have  been  informed,  iron  wire, 
the  sealing  being  done  in  an  atmosphere  of  carbon  mo- 
noxide. The  A.  E.  G.  purchased  the  patent  from  Schott,  the 
well-known  glass  manufacturer  of  Jena.  I  have  been  presented 
with  one  of  these  lamps,  but  it  did  not  arrive  in  time  to  show  it 
to-night.  I  am  told  these  lamps  give  out  quickly,  diminishing  to 
a  dull  red.  In  London  I  found  a  company  which  has  been  formed 
for  the  purpose  of  "rejuvenating"  incandescent  lamps.  The  fila- 
ments which  have  gone  off  in  efficiency  and  candle  power  are 
taken  out  of  the  globe  and  retreated,  the  globe  cleaned  of  its 
smoky  deposit  and  the  lamp  resealed  and  re-exhausted.  I  did 
not  learn  just  how  the  globes  were  to  be  cleaned  or  what  the 
rejuvenation  was  to  cost.     There  are  also  several  lamps  known  as 
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"watt"  lamps  being  exploited  in  Europe.  Thej  have  a  high 
efSeiency,  and  are  very  simple,  and  cheaply  constructed,  and  have 
a  life  of  perhaps  200  to  400  hours.  They  make  no  pretense  of 
being  long-burning,  but  rely  upon  their  high  eflSciency  and  low  first 
cost. 

The  Steam  Engine  and  its  Competitors. 

M.  Berthelot,  the  Chief  Chemist  of  France,  and  Member  of 
the  French  Academy  to  represent  science  in  that  bodj ,  has  re- 
cently declared  himself  against  the  utilization  of  steam,  which, 
he  declares,  is  already  becoming  obsolete,  and  gives  it  as  his 


Fio.  21. — Three-phase  Generator  direct  connected  to  650  h.  p.  "  High  Furnace 

Gas"  Engine. 

opinion  that  the  future  of  motive  power  belongs  to  gas  and  pe- 
troleum, and  that  the  steam  engine  will  be  relegated  to  museums 
where  other  anthropological  curiosities  from  the  Stone  Age  down, 
are  collected. 

In  December  last,  in  opening  a  discussion  on  Mr.  H.  A.  Hum- 
phey's  important  paper,  entitled  "Power  Gas  and  Large  Gas  En- 
gines for  Central  Stations,^  delivered  before  the  Institution  of 
Mechanical  Engineers  of  Great  Britain,  Dr.  Mond,  the  well- 
known  chemist  and  inventor  of  the  Mond  Gas  Process,  stated 
that  the  paper  which  had  been  presented,  appropriately  marked 


Digitized  by  VjOOQIC 


78  HAMMER  ON  EUROPEAN  ENGINEERING.         [Feb.  S8, 

the  closing  of  a  century  of  steam  as  a  motive  power,  and  the 
opening  of  a  century  of  gas  as  a  motive  power. 

The  author,  while  in  London  several  months  ago,  in 
speaking  upon  this  subject  with  Prof.  John  Perry,  F.  R.  S.,  and 
asking  for  an  expression  of  his  views,  was  told  by  Prof.  Perry 
that  with  the  development  of  large  types  of  gas  engines, 
there  was  no  doubt  in  his  mind  but  that  the  steam  engine  would 
ultimately  be  very  largely  supplanted. 

In  response  to  a  request  for  an  opinion  upon  this  subject, 
Prof.  R.  H.  Thurston  has  sent  the  author  a  letter  which  by 
reason  of  its  very  great  interest  is  published  in  extenso: 

Ithaca.  N.  Y..  February  22d,  1901. 

Mb.  William  J.  Hammer, 

New  York. 

My  dear  Mr.  Hammer  • 

Yours  of  the  21st  is  received,  inquiring  about  the  relative  efficiency  of  the 
steam  and  the  gas  engine. 

The  best  work,  to  date,  is  practically  the  same  for  both  engines.  Each  has 
■delivered  the  net  horse-power  with  a  consumption  equivalent  to  about  one  pound 
of  good  coal.  The  consumption  of  such  fuel  for  efficiency  unity  would  be  about 
one-fifth  of  a  pound  per  horse-power,  and  these  engines  have  thus  both  attained 
an  efficiency,  between  the  coal  pile  and  the  point  of  delivery,  of  about  twenty 
per  cent. 

The  steam  engine  has  attained  so  nearly  its  limit  that  further  progress  under 
-commercial  conditions  would  seem  to  be  likely  to  be  hereafter  very  slow  and  to 
be  dependent  mainly  upon  the  possibility  of  increasing  the  thermodynamic 
•efficiency  by  extending  the  thermodynamic  range  of  working  temperatures.  In 
the  steam  engine,  this  range  may  be  increased  either  by  still  further  increasing 
the  working  pressure  at  the  boiler  or  by  superheating  the  steam  or  by  both  ex- 
pedients combined.  Higher  pressures  are  coming  to  be  available,  with  pro- 
gress in  the  construction  of  high  pressure,  presumably  water-tube  boilers,  and 
we  have,  in  Sibley  College  work,  employed  over  a  thousand  pounds  without 
special  difficulty  and  I  have  no  doubt  that  we  can  quite  as  well  as  did  Perkins, 
two  generations  ago,  use  pressures  of  two  thousand  pounds  and  probably  more. 
We  are  now  beginning  to  find  practical  methods  of  construction  and  use  of 
superheaters  for  ordinary  pressures,  and  I  have  little  doubt  that  we  will  be  able 
to  superheat  steam  of  those  higher  pressures  in  course  of  time.  These  improve 
ments  should  permit  the  increase  of  efficiencies  by  something  like  fifty  per  cent, 
and  bring  the  consumption  of  fuel  down  to  three-fourths  of  a  pound  of  good 
fuel  per  horse-power  hour,  and  perhaps  within  the  next  generation,  if  not  with- 
in ten  years.  ^ 
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I  am  not  prepared  to  say  what  should  be  hoped  for  witl^  the  gas  engine  ;  but 
the  indications  at  the  moment  would  seem  to  be  that,  as  we  have  a  very  much 
larger  opportunity  to  reduce  wastes  that  now  characterize  the  gas  engine  than 
to  extinguish  those  affecting  the  steam  engine,  more  should  be  expected  from 
the  coming  years  with  the  former  than  with  the  latter.  The  gas  engine  has  only 
now  come  to  be  a  formidable  rival  of  the  steam  engine  and  is  gaining  upon  it 
rapidly.  The  deduction  seems  fair,  therefore,  that  the  next  few  years  should 
Me  the  gas  engine  so  much  improved  as  to  permit  it,  for  many  places  and  pur- 
poses, to  become  a  successful  rival.  In  some  directions,  as  at  sea,  in  the  loco- 
motive, and  perhaps  in  some  other  departments,  it  is  possible  that  steam  may 
continue  to  hold  its  place  unchallenged,  but  this  is  by  no  means  certain. 

It  is  unquestionably  the  fact  thut  to-day  the  gas  engine  is  steadily  overhauling 
the  steam  engine  and  as  steadily  displacing  it  in  many  directions.  I  think 
it  extremely  possible  that  it  may  ultimately  displace  it  very  largely,  but  I  think 
that  the  steam  engine  is  likely  to  hold  a  place  among  economically  available 
prime  movers  for  a  Idng  time  to  come,  and  no  one  can  say  what  may  be  antici- 
pated to  follow  its  further  improvement  by  effectively  combining  a  maximum 
range  of  pressure  and  a  maximum  range  of  coincident  temperature,  the  one 
^ving  maximum  mechanical  efficiency  and  the  other  maximum  thermodynamic, 
the  combination  yielding  what  is  the  main  object  of  selection  in  practically  all 
cases — production  of  power  with  minimum  costs  on  all  accounts,  production  of 
power  with  least  reduction  of  dividend-paying  capacity. 

Yours  very  truly, 

Robert  H.  Thueston. 

It  seems  quite  clear  from  the  above  and  similar  expressions 
one  hears  from  those  qualified  to  speak,  that  with  all  the 
progress  that  has  been  made  in  steam  engine  practice,  in  the 
utilization  of  higher  steam  pressures,  superheated  and  reheated 
steam,  condensing,  multiplying  of  cylinders,  improving  of  boil- 
ers, etc.,  that  they  will  no  longer  satisfy  the  demands  for  an  eco- 
nomical source  of  power,  and  in  this  country  and  all  over  Eu- 
rope, a  very  large  amount  of  attention  is  now  being  given  to  the 
development  of  gas  engines  of  large  power,  and  to  the  develop- 
ment of  improved  types  of  petroleum,  oil,  benzine,  and  other 
promising  motive  agencies,  such,  for  instance,  as  the  sulphur 
dioxide  gas  or  "S  O3"  Engine,  of  which  I  shall  have  occasion  to 
speak  later.  The  steam  engine  up  to  the  present  has  been  able 
to  more  than  hold  its  own,  by  reason  of  its  universal^adaptability, 
and  its  reliability,  even  with  its  comparatively  low  thermal  effic- 
iency. During  my  recent  trip  in  Europe,  I  visited  many  of  the 
largest  plants  for  the  manufacture  of  gas  engines,  and  saw  large 
numbers  of  gas  engines  in  process  of  construction  and  in  opera- 
tion, ranging  from  250  to  1200  h.  p.  each.  Types  of  these  en- 
gines are  shown  in  Figs.  2l,  22, 23, 24, 25, 27, 28  and  29.  Still  larger 
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ones  are  under  process  of  construction  at  the  present  time.  As 
indicative  of  the  important  work  going  on  in  this  direction,  Fig. 
22  shows  one  bay  in  a  shop  of  a  European  manufacturer  of  gas 
engines.  Various  types  of  these  engines  I  will  describe  later  in 
the  paper.  One  of  the  most  promising  developments,  and  one 
which  will  doubtless  enable  steam  to  hold  its  own  to  a  consid- 
erable extent,  is  the  steam  turbine  now  being   manufactured   in 


FiQ.  22. — Big  Gas  Engines  (Korting)  under  Construction. 


large  sizes,  both  in  this  country  and  abroad,  and  which,  by  reason 
of  its  very  great  simplicity,  slight  depreciation  and  high  thermal 
efficiency,  constitutes  a  steam  engine  applicable  to  a  very  wide 
field  of  usefulness  and  a  formidable  competitor  of  the  reciproca- 
ting steam  engine.  The  Parsons  and  de  Laval  types  of  steam 
turbines  are  extensively  Used  abroad,  and  are  being  rapidly  intro- 
duced in  this  country,  where  the  Curtis  steam  turbine  is  also 
giving  most  promising  results. 
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Utilization  of  "  High  Furnace  "  Gases  and  Big  Gas  Engines 

FOB   ElBCTRICAL  PURPOSES. 

The  utilization  of  high  furnace  or  blast  furnace  gases  marks  an 
epoch,  not  only  in  the  employment  of  gas  engines  of  great  power 
but  in  the  supplying  of  a  new  field  for  the  application  of  electrical 
machinery.  It  is  estimated  that  a  blast-furnace  having  a  capacity 
of  100  tons  of  pig-iron  per  24  hours,  produces  7,000,000  cubic 
feet  of  gas  daily,  equivalent  to  2,800  h.  p.  If  we  deduct  the 
power  required  to  drive  the  furnace  proper,  there  remains  2,000 
H.  p.,  which,  so  far,  have  been  entirely  wasted  and  which,  it  has  been 
found  may  be  successfully  utilized  in  gas  engines,  and  it  appears 
that  only  one-sixth  to  one-quarter  as  much  gas  is  required  as  would 


Fie.  28. — 1.000  h.  p.  Gas  Engine  of  John  Cockerill  Co.  of  Seraing,  Belgium, 
shown  at  Paris  Exposition.      (Connected  to  double-acting  blowing  cylinder). 

be  necessary,  when  burning  the  same  gases  under  boilers  for  pro- 
ducing  steam  power  and  furthermore  enables  us  to  dispense  with 
costly  boilers.  Between  25  and  30  years  ago  it  was  customary  to 
bum  these  gases  at  the  top  of  the  stack.  They  are  even  so  burned 
to-day  to  some  extent.  They  were  thought  to  be  too  poor  in 
quality,  and  too  variable  in  composition  ;  too  full  of  dust ;  parti- 
cularly metallic  particles,  tending  to  clog  and  injure  the  moving 
parts ;  too  full  of  acid  matter,  and  of  too  high  a  temperature  to 
enable  their  use  in  gas  engines  ;  but  means  have  been  found  by 
passing  the  gases  on  their  way  from  the  stack  to  the  engine  through 
pipes  and  dust  pockets  in  which  the  particles  settle,  and  through 
coke  and  water  scrubbers  and  saw-dust,  so  that  the  temperature  is 
lowered,  and  the  gases  sufficiently  well  cleaned.  Even  at  the 
Friedenshiitte  Iron  Works  which  I  visited  in  upper  Silesia,  they 
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operated  euccessfully  with  gas  charged  with  4^0%  of  zinc  dust, 
which  only  required  more  purifiers.  Although  some  analysis  show 
the  presence  of  sulphuric  and  phosphoric  acids  and  chlorine,  the 
alkalies  and  lime  probably  neutralize  their  eflEect,  and  there  is  no 
apparent  corrosion.  There  is  little  trouble  from  variations  in 
quality,  and  gas  works  wfell  in  a  gas  engine  of  a  quality  which 
ignites  with  diflSculty  under  a  boiler.  The  first  application  of  the 
high  furnace  gas  was  made  In  February,  1895  at  Wishaw  Iron 
Works,  near  Glasgow,  with  a  20  h.  p.  gas  engine,  which  indicated 
15  H.  p.  when  driven  with  these  gases.  During  the  same  year 
high  furnace  gases  were  applied  on  an  eight  h.  p.  engine  at  the 
Cockerill  Iron  Works  at  Seraing,  Belgium,  and  at  the  Horde  Iron 
Works  in  Westphalia,   Germany,  where   they  were  used  in  a   12 


Fig.  24. — Cockerill  Gas  Engine  at  Seraing,  Belgium,  which  ran  night  and  day 
for  over  two  years  without  stops. 

H.  P.  engine.  The  first  patent  for  the  utilization  of  high  furnace 
gases  in  gas  engines  was  taken  out  the  previous  year,  in  May, 
1894,  by  Mr.  B.  H.  Thwaite  of  England.  The  high  furnace  gases 
are  similar  in  quality  to  the  forms  of  producer  and  power  gas' 
made  by  Dowson  and  other  processes,  and  taken  directly  from 
the  stack,  contain  as  a  rule  about  21%  of  combustible  gases,  chiefly 
carbon  monoxide,  and  a  little  marsh  gas  and  hydrogen ;  the  bal- 
ance being  mainly  (about  57^)  inert  nitrogen.  It  is  estimated  that 
at  the  blast  furnaces  in  England  alone,  over  2,000,000  h.  p.  is  an- 
nually going  to  waste,  which  might  be  utilized  for  electrical  pur- 
poses. The  gas  engine  industry  is  about  30  years  old.  During  that 
time,  one  company,  the  Otto,  has  sold  in  England  and  Germany 
alone  about  37,000  gas  engines,  approximating  500,000  h.  p.  As 
indicating  the  development  of  the  large  gas  engine  industry,  it  is 
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interesting  to  note  that  the  Cocekrill  company  of  Seraiug,  Belgium, 
and  its  licensees,  has  sold  in  less  than  a  year,  70  engines  of  the  Dela- 
mare,Deboutteville  &  Cockerill  system,  such  as  are  illustrated  in  the 
1,000  H.  p.  "Simplex"  engine.  Fig.  23,  which  is  shown  connected 
to  a  large  double-acting  blowing  cylinder  at  the  left.  This  engine 
develops  650  h.  p.  when  employing  high  furnace  gases.  The  engine 
cylinder  is  4'  3"  diameter  by  4'  V  stroke.  The  diameter  of  the  air 
cylinder  is  5'  T'  by  4t  7"  stroke.  The  length  of  connecting  rod, 
connecting  two  cylinders,  is  14'  5",  diameter  11.8".  Tested 
without  blowing  cylinder,  this  engine  showed  673  b.  h.  p.  with  a 
consumption  of  123.7  cu.  ft.  of  gas  per  b.h.p.,  or  with  a  mechanical 


Fig.  25. — A  Section  of  the  High  Furnace  Gas  and  Electrical  Plant  at  Frieden- 
shiitte,  Upper  Silesia,  Germany. 

efficiency  of  72^,  and  a  thermal  eificiency  taking  the  b.  h.  p.,  of 
20^.  With  the  blower  connected,  this  engine  showed  886  ind. 
H.  p.  and  725  b.  h.  p.,  with  a  gas  consumption  of  101  cu.  ft.  per 
B.  H.  p.  hour,  and  a  thermal  efficiency  taking  the  ind.  ii.  p.,  of 
31.5^.  Until  recently  the  speed  of  these  blowers  has  ranged  from  50 
to  60  strokes  per  minute.  An  ordinary  gas  engine  runs  at  a  speed 
of  iOO  to  150  revolutions  per  minute,  according  to  its  size,  and  giv- 
ing its  maximum  efficiency  at  maximuu)  speed.  (According  to  Ken- 
nedy and  others  a  gas  engine  at  one-half  load  consumes  25^  more 
gas  than  at  full  load).  I  saw  recently  at  Falvehiitte  in  Upper  Silesia, 
Germany,  a  plant  equipped  with  Horbiger  and  Rogler  valves, 
enabling  these  blowers,  which  in  this  case  were  operated  by  steam 
generated  by  furnace  gas,  to  operate  at  a  speed  of  80  strokes  per 
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minute.  There  are  several  types  of  valves  now  on  the  market, 
which  enables  these  blowers  to  be  run  at  a  speed,  adapting  them 
to  be  driven  successfully  by  large  gas  engines. 

As  an  illustration  of  the  great  increase  in  the  reliability  and  the 


Pig.  26.— Friedenphutte   Electrical  Installation    employing  '*High    Furnace 
Gases.**    (2,4'^<)  b.  p  when  completed). 


A.— air.    G. — gas     E.— exhaust.      M.— gas  and  air. 

Fig.  27.-1,000  b.  h.  p.  Otto-Deutz  Gas  Engine. 

simplicity  of  the  modem  gas  engine,  I  call  attention  to  the  engine 
shown  in  Fig.  24,  which  I  had  the  pleasure  of  seeing  at  the  Cock- 
erill  Works  at  Seraing,  Belgium.  It  has  been  running  steadily  for 
over  two  years,  both  night  and  day,  operating  with  high  furnace 
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gas.  Prof.  Aira6  Witz'  test  showed  an  average  of  181  b.  h.  p.,  and 
it  showed  a  mechanical  e£Bciencj  of  85  per  cent.,  and  consumed 
116.6  cubic  feet  of  furnace  gas  per  b.  h.  p.  hour.  The  thermal 
efficiency  taking  the  b.  h.  p.  is  20  per  cent.  The  speed  is  105 
rev.  per  minute.  The  cylinder  has  a  diameter  of  31.5"  by  39.3'' 
stroke.  Fig.  25  is  an  illustration  of  a  portion  of  the  gas  and  elec- 
tric plant  at  Friedenshutte  Iron  Works  in  Upper  Silesia,  oper- 
erated  by  high  furnace  gases.  At  the  time  of  my  recent  visit  to 
this  installation,  it  consisted  of  two  200  h.  p.  gas  engines  direct 
coupled  to  two  direct  current  dynamos,  and  two  300  h.  p.  gas  en- 
gines direct  coupled  to  two  alternating  current  dynamos.  The 
gas  engines  are  of  the  Otto-Dentz  type,  driving  Shuckert  dyna- 
mos. They  were  supplying  a  couple  of  hundred  arc  lamps,  and 
several  thousand  incandescent  lamps,  and  electricity  for  power 
purposes.  The  total  h.  p.  was  1,000,  and  at  the  time  of  my  visit 
this  was  being  increased  to  2,400  h.  p.  The  plant.  Fig.  26,  shows 
the  entire  installation  as  it  will  be  in  operation  shortly,  consisting 
of  six  300  H.  p.  engines  for  power  purposes,  and  three  200  h.  p. 
for  lighting.  In  Fig.  27  is  shown  an  Otto  engine  of  1,000  h.  p. 
built  by  this  company  at  Deutz,  near  Cologne.  There  are  four 
cylinders  of  250  h.  p.  each  coupled  direct  to  a  dynamo,  the  open  ends 
of  the  cylinders  facing  one  another  on  either  side  of  it.  At  these 
works,  I  saw  many  gas  engines  of  great  power  under  construction. 

The  New  Koeting  Two-Cycle  Gas  Engine. 

In  Fig.  28  is  shown  an  illustration  of  the  new  twoKjycle  Kor- 
ting  gas  engine  of  650  h.  p.,  manufactured  by  Gebr.  Korting, 
at  Kortingsdorf,  near  Hannover,  Germany.  This  concern,  which 
has  long  been  in  the  gas  engine  field,  is  now  building  engines  of 
1,000  H.  p.  and  over;  of  the  4rcy  Under  4-cycle  type,  as  shown  in  the 
foreground  of  Fig.  22,  for  use  with  high  furnace  gases  for  driving 
dynamos,  air  compressors,  exhaust  fans,  etc.  In  Fig.  28  is  shown 
Korting's  most  interesting  new  type  of  2-cycle  gas  engine.  This 
engine,  which  I  saw  running  in  their  works  during  my  recent 
visit,  consists  of  a  single  working  cylinder,  containing  a  driving 
piston,  on  each  side  of  which  the  mixture  of  gas  and  air  is  al- 
ternately admitted,  exploded,  and  does  its  work,  reproducing 
steam  engine  conditions.  Remarkable  uniformity  of  speed  is 
secured  by  this  engine ;  in  fact  it  is  doubtful  if  it  is  equalled  in 
this  respect  by  any  other  type  of  gas  engine  at  present  on  the  mar- 
ket.  Exhaust  ports  are  situated  in  the  center  of  the  cylinder.  The 
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piston  itself  acts  as  a  slide  valve  to  open  and  close  these  ports, 
when  it  moves  in  the  zones  of  the  dead  point  at  the  end 
of  each  stroke.  Although  there  is  an  explosion  of  each  side 
of  the  piston,  the  temperature  is  kept  very  low  by  water- jacketing 
the  cylinder  and  stuflSng  box  and  causing  water  to  circulate  through 
the  piston  itself.  The  working  mixture  is  compressed  by  the 
main  piston  on  its  return  stroke  to  about  12  atmospheres,  and  when 
at  its  dead  point  exploded  by  two  electrical  igniters,  one  placed 
close  to  the  piston,  and  the  other  close  to  the  inlet  valve. 
On  the.  side  of  the  engine  may  be  seen  the  gas  and  air 
pumps,  which  are  relatively  proportioned  and  connected 
together.  The  pumps  are  provided  with  piston  valves  which  are 
operated  by  an  eccentric  on  the  main  crank  shaft,  and  serve  to  di- 
rect the  gas  and  air  iirst  to  one  end  and  then  to  the  other  end  of 
the  cylinder,  performing  the  same  function  that  is  fulfilled  by 
the  admission  valve  of  a  steam  engine,  the  inlet  valves  on  the  ends 
of  the  cylinder  being  merely  check  valves  to  prevent  back  pres- 
sure from  the  cylinder  into  the  pumps.  The  air  and  gas  arrive, 
separated  from  each  other,  at  the  valve  casing,  where  they  are 
thoroughly  mixed,  and  enter  the  cylinder.  During  about  40^  of 
the  stroke,  the  gas  is  caused  to  pass  around  a  by-path,  and  none 
enters  the  working  cylinder.  During  this  ^0%  of  the  stroke,  air 
alone  is  introduced  in  the  cylinder,  scouring  out  the  products  of 
combustion,  which  pass  through  the  exhaust,  it  also  forms  a  layer 
between  the  burnt  gases  and  mixture,  lowering  the  temperature 
inside  the  cylinder,  and  making  pre-ignition  impossible. 

One  of  the  most  important  features  in  Mr.  Korting's  engine, 
and  one  which  he  claims  it  would  be  impossible  to  operate  with- 
out, is  a  projection  in  the  combustion  chamber,  below  the  inlet 
valve.  This  projection  is  almost  semi-circular  and  of  a  special 
form  which  is  the  result  of  considerable  experimentation.  It  is 
on  the  concave  side  of  the  combustion  chamber,  which  causes  half 
of  the  moving  charge  to  become  deviated  at  right  angles,  to  the 
rest  of  it,  thus  producing  a  whirling  and  rolling  motion.  This  mate- 
rially assists  the  scouring  action  of  the  air  and  assists  also  the  thor- 
ough mixingof  the  air  and  gas,  which  mixture  thus  loses  all  tend- 
ency to  force  itself  in  the  form  of  jets,  into  the  dead  mass  of  burnt 
charge  and  air  ahead  of  it,  which  it  would  ordinarily  mix  with,  and 
cause  considerable  loss  of  the  new  mixture,  by  its  passing  out 
through  the  exhaust.  Were  this  eflFect  not  produced,  the  loss 
of  gas  escaping  through  the  exhaust   ports  would   be  so  great 
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as  to  make  the  engine  as  built,  uncommercial.  The  regulation 
of  the  engine  is  secured  by  the  governor  acting  on  the  slide 
of  a  link  motion,  which  acts  on  the  distribution  slide  of  the 
gas  pump,  and  according  to  the  position  of  the  slide  of  the 
link,  the  rate  of  circulation  in  the  gas  pump  is  increased  or 
decreased,  controlling  the  quantity  delivered  at  each  stroke. 
The  quality  of  the  mixture  remains  the  same.  Mr.  Ernst  Korting 
informed  the  writer  that  this  engine  could  be  built  with  2b%  less 
lbs.  of  material  than  any  gas  engine  of  the  same  h.  p.  in  the  mar- 
ket and  at  a  manufacturing  cost  per  lb.  not  exceeding  other  types. 

The  Obohelheuseb  Gas  Engine. 

This  engine  is  one  of  a  number  of  important  types  of  gas 
engines  of  large  power ;  which  have  developed  since  the  sudden 
demand  caused  by  the  ntilization  of  '^ high-furnace"  gases  for 
gas  engine  driving.  This  engine  has  but  one  complete  cycle  per  re- 
volution. As  illustrated  in  Fig.  29  it  has  one  long  horizontal  water- 
cooled  cylinder,  containing  two  pistons,  which  between  them  per- 
form  the  functions  of  admission  and  compression  of  the  charging 
mixtures  and  the  discharge  of  the  products  of  combustion  orexhaust 
gases.  The  engine  has  no  valves  or  cam-shafts.  It  will  be  noted  that 
the  front  piston  is  connected  to  the  center  of  a  three-throw 
crank  and  the  rear  piston  to  the  two  outer  cranks.  These 
cranks  are  180®  apart.  The  cross-head  of  the  back  piston  is 
also  attached  to  the  piston-rod  of  a  double  acting  pump,  which 
compresses  the  gas  and  air  mixture  on  one  side  of  its  piston 
and  air  alone  on  the  other  side.  As  the  two  engine  pistons 
approach  in  the  cylinder,  the  mixture  is  compressed  between 
them  to  a  pressure  of  from  8  to  10  atmospheres  and  exploded 
electrically.  The  pistons  are  thus  driven  apart,  each  doing  its 
work  upon  the  main  shaft.  Before  the  completion  of  the  full 
stroke  the  front  piston  uncovers  the  annular  exhaust  port,  per- 
mitting the  discharge  of  the  exhaust  gases.  The  rear  piston  at 
the  end  of  its  stroke  uncovers  tirst  a  port  admitting  air  under 
slight  pressure,  to  scour  out  the  remaining*  products  of  com- 
bustion, and  then  a  second  port,  through  which  the  previously 
compressed  explosive  mixture  from  the  pump  is  admitted. 
The  exhaust  port  remains  uncovered  while  the  mixture  pushes 
out  the  scavenging  air,  and  then  the  pistons  close  all  the  ports 
on  the  return  stroke.  Compression  then  follows,  and  the  cycle 
is   repeated.     It  is   claimed   that   none   of   the   fresh   charge 
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escapes  through  the  exhaust,  as  the  cjlinder  is  so  proportioned 
that  even  when  ronning  at  maximum  load  the  charge  occupies 
but  10%.  For  slight  variations  in  speed  the  governor  controls 
the  proportions  of  mixture  of  gas  and  air.  For  wider  limits 
it  regulates  the  quantity  of  charge  through  the  mixing  valve 
cock  and  the  return  slide  valve.  Part  of  the  compressed 
charge  passes  into  the  suction  pipe,  and  is  then  transferred  to 
the  other  side  of  the  pump,  instead  of  to  the  motor  cylinder, 
as  usual.  Admission  and  exhaust  are  effected  in  one  stroke 
instead  of  two.  The  cylinder  dimensions  are  smaller  for  the 
same  power  than  in  the  four-cycle  type  of  engine,  as  one  stroke 
is  obtained  at  each  revolution,  and  as  this  is  effected  by  two 
working  pistons,  acting  on  the  same  shaft,  the  power  is  said 
to  be  increased  fourfold.     The  turning  moment  on  the  main 


Fig.  29. — 600  h.  p.  Oechelheuser  Gas  EDgine. 
(Engines  of  1,000  and  1,200  h.  p.  under  construction.) 

shaft  is  produced  by  a  couple,  and  the  unbalanced  forces  trans- 
mitted to  the  bed-plate  are  much  less  than  ordinary.  Great 
regularity  is  obtained  by  the  impulse  at  each  revolution,  and 
rapid  expansion  follows  each  explosion.  The  engine  is,  how- 
ever, of  considerable  length,  and  the  extra  cost  and  complica- 
tion of  the  three  cranks,  three  connecting-rods  and  two  cross- 
heads,  rods,  pump  and  pump-gear  are  to  be  taken  into  con- 
sideration. In  the  latest  designs  the  pump  is  placed  below 
the  floor  and  under  the  engine,  making  a  very  compact  arrange- 
ment. The  Kraft  Gas  Gesellschaft,  of  Berlin,  which  is  now 
manufacturing  this  engine  at  Ascfaersleben,  is  turning  out  a 
large  number  of  these  engines,  up  to  2,000  b.  h.  p.,  in  the 
twin  arrangement,  for  driving  electrical  machinery,  fans,  air- 
compressors,  etc. 
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The  Steam  Turbine. 

The  very  important  work  done  in  recent  years  npon  the  develop- 
ment of  that  oldest  of  steam  engines,  the  steam  turbine,  bids  fair 
to  revolutionize  steam  engine  practice,  and  although  it  is  self- 
evident  it  does  not  possess  the  universal  applicability  of  the 
ordinary  steam  engine,  there  is  a  very  large  iitld  open  for  its 
application,  and  it  is  particularly  well  adapted  to  the  needs  of 
electrical  engineers. 

It  is  remarkably  simple  and  compact,  requires  a  minimum  of 
attention  and  repairs,  has  no  valves  and  no  rubbing  surfaces,  ex* 
cept  in  the  bearings,  which  in  the  forms  employed  show  an  insig- 
nificant wear,  and  the  internal  parts  require  no  lubricant,  conse- 
quently there  is  no  danger  of  carrying  grease  into  the  boilers 
where  they  are  fed  by  water  condensation  from  surface  condensers, 

Turbine  Wheel. 


A.-Turbine  Shaft.  B.— Turbine  Wheel.  C— Pinion.  D.— Bearing  of  shaft  end.  F.  G.— 
a  Part  Bearings.  H.— Thrust  Bearing.  I. — Feeding  Nozzle.  K.  L.—Contro'ling  valve.  M.— 
Gearwheel.  N.— Motor  Shaft.  P.— Lubricating  ring.  Q.-Puliey.  S.— Nut  screw.  T.— Ex- 
haust valve. 

Fio.  30.— Principal  parts  of  the  *'de  Laval'*  Steam  Turbine. 

and  the  absence  of  packing  glands  and  internal  rubbing  surfaces 
permit  of  the  use  of  steam  of  high  degrees  of  superheat. 

As  there  are  no  reciprocating  parts  and  everything  is  so  per- 
fectly balanced  the  foundations  are  of  but  slight  expense,  it 
being  only  necessary  to  support  so  much  dead  weight.  The  tur- 
bine itself  is  comparatively  light  and  economical  in  first  cost  and 
in  operation,  and  will  regulate  within  a  very  small  percentage  from 
no  load  to  full  load.  In  the  ordinary  steam  engine  live  steam 
is  admitted  into  the  eylinder,  which  had  been  cooled  but  a  mo> 
ment  before  by  its  connection  with  the  exhaust,  the  resulting  con- 
densation is  not  apparent  in  the  steam  turbine  to  any  extent,  ow- 
ing to  the  gradual  temperature  changes  and  Constant  temperatures 
maintained  at  any  given  point. 

In  Fig.  30  is  shown  an  illustration  of  the  working  parts  of  a 
de  Laval  turbine,  such   as   has   been   extensively   employed  in 
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Europe  and  to  some  extent  in  this  country,  and  in  Fig.  31  is 
illustrated  a  standard  300  h.  p.  unit  connected  to  two  dynamos  of 
corresponding  output ;  this  is  the  largest  turbine  of  this  type 
which  has  thus  far  been  built.  As  indicative  of  the  high  class  of 
workmanship  and  care  necessary  in  constructing  this  type  of  liigh 
speed  steam  engine,  I  would  call  attention  to  the  large  gear 
wheels  lettered  m  which  I  was  informed  at  the  Humboldt  Works 
at  Kalk,  Germany,  each  took  14  days  to  complete.  I  made  par- 
ticular inquiries  of  various  turbine  manufacturers  regarding  the 
amount  of  wear  of  the  blades,  and  was  invariably  told  it  was  in- 
appreciable where  superheated  steam  was  used.  The  de  J. aval 
Co.  exhibited   a  300  h.  p.  turbine   wheel  at  the  recent  Paris 


Fig.  31. — 300  h.  p.  de  Laval  Turbine  and  Dynamos. 

Exposition,  in  which  the  blades  showed  no  apparent  wear  after 
having  been  in  use  for  seven  years.  Prof.  R.  H.  Thurston's 
recent  test  upon  a  de  Laval  turbine  showed  an  increase  in  econ- 
omy of  one  per  cent,  for  each  3°  Fahr.  of  superheat,  and  that 
with  37^  of  superheat  the  capacity  of  the  turbine  was  doub- 
led, due  almost  entirely,  he  claims,  to  the  lessening  of  the  skin 
friction. 

In  Fig.  30  is  shown  the  turbine  wheel  b  mounted  upon  the 
very  slender  shaft  a,  whose  jSexibility  permits  of  its  great  de- 
flection due  to  the  forces  set  up  by  tlie  turbine  wheels  running 
at  such  high  speeds,  and  permits  the  wheel  to  revolve  about  its 
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axis  of  gravity ;  to  the  left  of  Fig.  30  \a  shown  a  wheel  with 
its  four  nozzles,  one  of  which  ia  cut  away  to  show  the  expan- 
sion of  the  steam  as  the  opening  diverges;  the  form  of  the 
blades  is  also  indicated. 

In  Fig.  32  is  shown  an  illustration  of  one  of  the  two  steam 
turl lines  ordered  by  the  City  of  Elberfeld,  Germany,  from  the 
firm  of  C.  A.  Parsons,  to  whom  I  am  indebted  for  this  origi- 
nal photograph.  It  is  directconnected  to  a  1,000  k.  w.  three- 
phtise  generator.  A  recent  test  was  made  by  Messrs.  Weber, 
Lindlay  and  Schroeter  to  determine  steam  consumption  under 
different  loads  with  the  following  results:  Average  pressure  11 
atmospheres,  the  steam  was  superheated  14.3^  cent,  dynamo  load 
1,190  K.  w.  (overload),  955  k.  w.  (full  load),  745  k.  w.  (f  load),  499 
K.  w.  (^  load),  247  k.  w.  (^  load) ;  the  number  of  pounds  of  steam 
consumed  per  k.  w.  was  respectively  19.3,  20.1,  22.2,  25.4,  and 
33.8.  When  running  without  the  field  magnets  excited,  the  en- 
gine consumed  2,604  lbs.  of  steam  per  hour ;  when  running  with 
no  load  but  field  magnets  excited,  the  turbine  consumed  4,057  lbs. 
of  steam  per  hour,  the  variation  in  speed  from  no  load  to  full 
load  and  vice  versa  was  3.G  per  cent,  with  non-inductive  load,  the 
fall  in  voltage  from  no  load  to  full  load  was  1.02  per  cent,  with 
inductive  load  under  similar  conditions  11  per  cent.  This  is  the 
largest  steam  turbine  constructed  abroad  up  to  the  present,  1,500 
H.  p.,  but  is  exceeded  by  the  Parsons  3,000  h.  p.  turbine  installed 
by  the  Westinghouse  Co.  recently  in  Hartford,  Conn. 

The  Sulphub  Dioxide  (tas,  or  "  S  O,"  Engine. 

In  18S9,  Mr.  R.  Behrend,  an  engineer  of  Hamburg,  Germany, 
and  Dr.  Zimmerman,  of  Ludwigshafen,  patented  a  system  which 
they  had  invented  for  utilizing  the  heat  units  contained  in  ex- 
haust steam,  and  their  tests  showed  gains  as  high  as  56  per  cent, 
additional  power  secured,  without  the  expenditure  of  one  pound 
additional  fuel.  The  system  developed  by  them  and  used  upon 
an  experimental  engine  plant,  was  not  brought  to  perfection,  by 
reason,  among  other  things,  of  their  difficulty  in  securing  proper 
acid  pumps.  The  improvements  in  ice-making  machinery  have 
now  supplied  the  requisite  pump,  and  a  large  amount  of 
valuable  data  and  experience.  The  results  which  they  se- 
cured, however,  were  so  promising  that  they  brought  them  to  the 
attention  of  Prof.  E.  Josse,  of  the  Kgl.  Technische  Hochschule  of 
Charlottenburg,  Germany,  an  authority  on  subjects  of  this  char- 
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acter,  and  they  requested  him  to  examine  into  the  practicability 
o^  their  ideas,  and  eventually  to  make  further  tests.  Prof.  Josse 
following  up  the  work  of  Messrs.  Behrend  and  Zimmerman,  se- 
cured results  of  the  greatest  interest  and  importance,  and  the 
work  which  he  now  has  in  hand  at  Charlottenburg,  is  being  car- 
ried forward  in  the  interests  of  the  three  largest  electrical  con- 
cerns in  Berlin,  i.  e.,  Siemens  and  Ilalske,  The  Union  Elektrici- 
tats  Qesellschaft,  and  the  Allgemeine  Elektricitats  Gesellschaft. 

The  system  which  has  been  developed  is  quite  simple,  and  is 
briefly  as  follows : 

As  is  well  known  in  steam  engine  practice,   after  steam   has 


Fig.  88.— Sulphur  Di-Oxide  or  *'S  0,'*  Engine,  in  conjunction  with  compound 
Steam  Engine.    (The  former  is  shown  at  the  right.) 

done  its  work  in  the  cylinder  or  cylinders  of  a  steam  engine, 
there  results  a  very  considerable  loss  of  heat  energy  ;  when  the 
steam  is  discharged  into  the  open  air,  or  passed  through  the  con- 
denser. When  exhausted  in  the  open  air,  it  has  a  temperature 
of  about  212  deg.  F.,  and  in  passing  into  a  condenser  it  has  a 
temperature  of  about  140  deg.  to  160  deg.  F.,  depending  upon 
the  amount  of  vacuum.  The  latent  heat  of  steam  given  up  in  the 
changing  from  steam  to  hot  water,  has  heretofore  been  wasted  in 
the  condensing  water  or  in  the  air.      Messrs.  Behrend  and   Zim- 


Digitized  by  VjOOQIC 


1901.] 


THE  8  0,  ENGINE. 


95 


merman,  desiring  to  utilize  this  waste  caloric,  employ  it  to  create 
a  new  supply  of  power  by  vaporizing  a  liquid  having  a  boiling 
point  considerably  lower  than  that  of  water,  and  after  extensive 
experiraeute,  adopted  sulphurous  acid  (H,  8  Oj),  a  substance 
which  is  readily  and  economically  obtained.  Ammonia,  nitrogen 
and  benzol  might  also  be  thus  employed,  but  the  sulphurous  acid, 
possesses  the  advantage  that  it  can  work  in  a  cylinder  without 
lubrication,  which  is  not  the  case  with  ammonia.  The  pressures 
corresponding  to  the  available  temperatures  are  also  favorable  to 
the  employment  of  this  liquid.  The  working  apparatus  is  shown 
in  the  appended  illustration  (Fig.  33),  which  represents  the  first 
engine  tested  at  the  Technische  Hochschule.     To  the  left  is  seen 
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OIAO«AB   BHOWIHO  THS   KBUkTIONS  OF  WORXINO   PARTS 

OF  S.   O]  ENGINE. 

Fig.  84. 

the  steam  engine  which  has  a  pump  for  its  load  ;  behind  it  is  the 
vaporizer ;  to  the  right,  the  S  Oj  engine ;  and  behind  that  the  S 
Oj  condenser.  This  arrangement  was  designed '  by  Prof.  Josse. 
The  principle  and  mechanical  details  are  illustrated  diagrammati- 
cally  in  Fig.  34.  The  dimensions  given  are  in  millimetres.  The 
letters  h  and  n  represent  the  high  and  low  pressures  of  an  ordi- 
nary compound  steam  engine,  with  a  stroke  of  19.69  inches,  and 
a  speed  of  41.5  revolutions  per  minute.  From  the  low  pressure 
cylinder  end,  exhaust  steam  passes  into  the  surface  condenser,  or 
as  it  is  termed,  the  "  vaporizer."  In  this  vaporizer  or  condenser, 
the  sulphurous  acid  (H2  S  Og)  is  utilized  as  the  cooling  medium 
instead  of  water.  Possessing  such  a  low  boiling  point,  the  heat  of 
the  exhaust  steam  liberates  sulphur  dioxide  (8  O3)  which,  passing 
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into  a  cylinder  of  the  auxiliary  engine  s,  does  its  work  as  if  it 
were  an  ordinary  steam  engine.      This  auxiliary  cylinder  has  a 
diameter  of  11.81  inches,  a  stroke  of  19.69  inches,  and  a  speed  of 
77  revolutions  per  minute.     After  being  utilized  in  this  cylinder, 
the  sulphurous  vapor,  passes  through  the   tubes  in   the  surface 
condenser  (shown  in  the  diagram),  around  which  tubes  cold  water 
is  flowing,  which  condenses  the  sulphurous  vapor  again  into  sul- 
phurous acid,  which  is  pumped  by   the  pump  p  back   into  the 
vaporizer,  where  it  begins  its  cycle  again — the  same  acid  being 
used  over  and  over  again  without  loss.      The  machine  is  thus,  in 
fact,  a  closed-heat  engine.     In  a  long  series  of  tests  made  with 
the  compound  engine  shown  in  Fig.  18,  the  following  results  were 
attained.     The  enghie  which  is  of  the  compound  type,  of  modem 
construction,  developed  with  a  steady  load  34  indicated  h.  p.,  with 
a  consumption  of  18.96  pounds  of  steam  per  indicated  h.  p.  hour. 
The  auxiliary  engine  working  with  the  sulphurous  vapor  indicated 
19  H.  p.     That  is  an  increase  of  56  per  cent.,  and  yielding,  instead 
of  one  H.  p.,  1.56  h.  p.  for  the  same  steam  consumption,  and  re- 
ducing the  steam  consumption  from  18.96  to  12.13  pounds  per  in- 
dicated H.  p.    The  experiments  show  on  the  average  that  for  every 
15  kilograms  or  33.169  pounds  of  steam   passing  through  the 
main  engine,  one  h.  p.  could  be  gained  in   the  auxiliary  cylinder. 
Applied  to  an  ordinary  single-cylinder  steam  engine,  exhausting 
directly  into  the  air  at  a  high  temperature,  the  percentage  of 
power  saved  by  this  new  system,  would  be  much  higher  than  the 
economy  reached  in  these  experiments,  which  are  made  with  an 
improved  compound  engine.      It  is   claimed   from  these  experi- 
ments that  given  a  fairly  economical  compound  engine  using  16.5 
pounds  of  steam  per  indicated  h.  p.  hour,  that  half  an  indicated 
H.  p.  could  be  produced  in  the  auxiliary  machine  for  each  indi- 
cated H.  p.  developed  in  the  main  engine,  assuming  an  average 
vacuum  of  23.62  inches,  corresponding  to  a  temperature  of  140*^ 
F.     The  saving  of  heat  must  be  accomplished  by  using  a  liquid 
which  can  be  vaporized  at  or  below  that  temperature,  and  pro- 
duce a  high  pressure.      Assuming  the  upper  and  lower  limits  of 
temperature,  within  which  the  operation  is  confined,   to  be  140^ 
and  67°  F.,  the  pressure  of  the  sulphurous  vapor  would  range 
from  10.05  to  2.35   atmospheres  above  open   air  pressure       A 
working  pressure  as  high  as  ordinary  steam   boiler  pressure,  is 
therefore  readily  obtained  at  a  comparatively  moderate  tempera- 
ture.    The  volume  of  sulphurous  acid  vapor,  necessary  to  contain 
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the  number  of  heat  units,  corresponding  to  the  work  to  be  per- 
formed, is  much  smaller  than  the  volume  of  steam,  which  would 
be  required  for  the  same  purpose.  As  the  saving  to  be  effected 
by  the  customary  engine,  depends  directly  upon  the  difference 
between  the  highest  and  lowest  temperatures  involved,  the  greater 
gain  will  therefore  be  made,  either  when  the  water  in  the  surface 
condenser  is  as  cold  as  possible,  or  when  the  heat  of  the  exhaust 
steam  from  the  engine  is  at  a  maximum,  as  is  the  case  with  a 
single-cylinder  steam  engine  without  condenser,  which  may  be 
anywhere  up  to  212^  F. 

Sulphur  dioxide  gas  or  vapor  isof  a  somewhat  viscous  character 
and  lubricates  the  working  surfaces  of  the  machinery,  and  without 
producing  corrosion.  There  is  thus  a  considerable  saving  of  lu- 
bricants. The  expense  of  this  improvement  is  practically  covered 
in  the  cost  of  the  auxiliary  engine  or  extra  cylinder  attached  to 
an  ordinary  engine,  and  the  vaporizer,  condenser,  piping  and 
pumps.  It  is  claimed  that  a  2,000  ii.  p.  central  station  engine 
would  furnish  power  to  drive  an  additional  1,000  h.  p.  S  Oj  en- 
gine, which  can  be  connected  as  an  extra  cylinder  to  the  steam 
engine,  or  run  independently,  and  thus  increase  about  50  percent, 
the  power  developed  without  adding  a  pound  to  the  quantity  of 
fuel  consumed.  Prof.  Josse  states  that  in  mining  and  iron  works 
districts,  there  are  a  large  number  of  engines,  which  are  conden- 
sing and  non-condensing,  which  consume  more  than  10  kg.  of 
steam,  and  in  such  cases  2,000  n.  p.  would  be  gained  in  a  plant  of 
3,000  H.  p.  by  the  Uoe  of  the  cold  vapor  engine. 

A  triple  expansion  steam  engine,  to  which  an  S  O^  gas  engine 
has  been  attached,  is  being  used  for  supplying  light  and  power  to 
the  technical  high  school  in  Charlottenburg.  Exhaustive  tests  have 
been  made,  and  are  being  made  on  this  engine  by  Prof.  Josse  and 
liis  assistants.  Through  the  courtesy  of  Prof.  Josse  and  Mr.  Louis 
Magee,  Director  of  the  Union  lllectric  Co.  of  Berlin,  I  was  en- 
abled to  secure  the  data  here  presented,  and  had  the  pleasure  of 
seeing,  recently,  this  engine  running  and  undergoing  test.  Prof. 
Josse,  to  whom  I  am  indebted  for  a  beautiful  photograph  of  this 
new  engine  which  I  regret  to  say  I  am  unable  to  show  you  to- 
night on  account  of  patents  pending;  informed  me  that 
even  with  the  triple  expansion  the  S  O2  engine  gave 
ail  increase  of  h.  p.  of  35  per  cent,  with  practically  no  in- 
crease in  the  operating  expenses.  I  had  hoped  to  present  the 
latest  results  secured  by  this  new  engine,   but  they  did  not  arrive 
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in  time  to  embody  them  in  this  paper.  Prof.  Josse  informed 
me  that  he  believed  it  was  inadvisable  to  go  higher  than  double 
expansion,  and  that  the  preferable  method  of  construction  was  to 
place  the  cylinder  of  the  S  O,  engine  in  tandem  with  the 
steam  cylinders.  On  my  asking  if  there  was  any  danger  in  mois- 
ture getting  into  the  system,  thus  forming  sulphuric  acid,  which 
would  attack  the  surface  of  the  cylinder,  etc.,  he  said  this  was  im- 
possible. This  development  in  engineering  practice  is  certainly 
a  most  interesting  and  promising  one,  and  it  is  of  interest  to  note 
that  the  AUgemeine  Elektricitats  Gesellschaft  is  now  installing 
an  S  O,  engine  in  its  Markgrafenstrasse  station  in  Berlin.  The 
system  is  not  without  its  disadvantages,  and  even  possible  danger. 
Everyone  knows  the  discomfort  produced  in  a  room  where  a 
common  sulphur  matc*h  is  ignited,  and  in  all  types  of  engines 
there  is  always  a  possibility  of  a  leak  occurring.  A  comparatively 
small  amount  of  sulphur  dioxide  gas  produces  a  large  amount  of 
discomfort,  and  a  large  amount  of  it  may  incapacitate  those  work- 
ing about  the  machinery,  and  if  exposed  thereto  for  a  consider- 
able length  of  time  may  even  result  in  death.  There  are  also  the 
well-known  corrosive  effects  produced.  These  are  not  cited  with  a 
view  of  disparaging  this  most  interesting  development,  but  would 
rather  serve  to  indicate  that  for  such  a  system  to  be  most  suc- 
cessful, the  S  O2  engine  should  be  operated  as  an  independent 
engine,  and  so  boxed  in  and  ventilated  as  to  reduce  to  a  mini- 
mum the  disadvantages  resulting  from  possible  leakage.  The 
care  of  this  engine  is  exceedingly  simple,  as  no  lubricant  is  neces- 
sary, and  as  for  the  existing  steam  engine  absolutely  nothing  need 
be  changed.  In  the  methods  of  construction,  very  great  care  is 
taken  to  reduce  til e  chances  of  leakage  to  a  minimum.  Great 
care  is  taken  in  the  packing  of  the  stuffing  boxes,  and  in  addition 
an  extra  stuffing  box  is  placed  on  the  cylinder,  and  connected  to 
the  condenser,  so  that  although  the  pressure  inside  of  the  cylin- 
der 18  14  atmospheres,  there  is  a  pressure  of  but  from  one  to  one 
and  a  half  atmospheres  at  the  outer  stuffing  box.  Prof.  Josse 
says  the  engine  can  be  made  absolutely  scentless,  and  that  no 
difficulty  need  be  experienced  on  this  score.  He  also  says  the 
results  of  his  tests  far  exceeded  the  original  calculated  and  esti- 
timated  results,  and  completely  justify  the  practical  application  of 
the  Behrend  system  for  the  improvement  in  steam  engines. 
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In  Fig.  35  is  shown  an  illustration  of  the  overhead  double 
trolley  circuit  used  to  operate  the  electrical  omnibus  in  the 
Yincennes  Annex  of  the  Paris  Exhibition.     The  omnibus  was 


Fio.  35. — Double  Trolley  Line  for  Electric  Omnibus  at  Vincennes.  Paris. 


flexibly  connected  with  a  traveling  trolley  or  contact  carriage, 
which  was  driven  by  an  electric  motor  and  which  traveled  along 
on  the  two  overhead  wires.  The  current  supplied  to  the  motor 
on  the  omnibus  was  a  direct  current,  and  connections  were  made 
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therewith^  bo  as  to  supply  a  three-phase  current  to  the  motor 
driving  the  trolley-carrier  so  that  it  tended  to  travel  slightly 
faster  thereby  always  keeping  the  supply  cable  taut.  The  trolley 
wires  were  suspended  first  on  one  side  of  the  road,  then  on  the 
other  and  at  times  in  the  center,  and  the  omnibus  itself  wended  its 
way  in  and  out  of  the  numerous  vehicles  on  the  road  with  perfect 
facility.  It  would  seem  that  there  are  various  places  where  such 
a  trolley  automobile  could  be  applied  with  advantage. 

Thb  Elbctbic  Plough. 

Daring  my  stay  in  Berlin,  through  the  courtesy  of  Director 
Louis  Magee  of  the  Union  Electric  Co.,  I  was  shown  an  im- 
proved form   of  electric    plough    at    work    in    the  suburbs  of 


Pig.  86— Diagram  of  Electric  Ploughing  System. 

Berlin.  The  illustriitioiis  in  Figs.  3(5  and  87  will  serve  to  indi- 
cate the  system  employed.  Direct  current  at  500  volts  was 
supph'ed  from  the  neighboring  station  of  the  Berlin  Electricity 
Works,  and  the  plough  itself  was  equippL^d  with  three  plough- 
shares at  each  end,  and  was  estimated  to  do  the  work  of  lo  iiorses. 
The  illustrations  serve  to  indicate  quite  clearly  how  in  this  system 
the  line  wire  was  connected  to  the  traveling  reels  and  to  the  trolley 
lines,  and  shows  how  this  line  is  moved  sideways  across  the  field 
as  the  plough  progresses.  The  feeding  chain  and  anchors  are 
shown,  and  the  method  of  tipping  up  the  plough  body  in  start- 
ing a  new  furrow  on  the  return  trip.  I  found  it  nt-ctssary  to 
walk  quite  rapidly  to  keep  up  with  the  plough,  which  was  simul- 
taneously cutting  three  deep  furrows  in  soft  loam  in  a  very  im- 
pressive manner. 
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Gakz  &  Co.'s  Hioh-Tension  Thbee-Phase  R.  R.  Stsiem. 

Through  the  courtesy  of  Director  Otto  F.  Blathy,  of  Messrs. 
Oauz  &  Co.,  of  Budapest,  1  was  enabled  to  examine  into  the 
company's  high-tension  three-phase  railroad  system,  which  is  now 
being  installed  upon  the  Lecco,  Sondrio  &  Chiavenna  line  in 
North  Italy,  and  which  system  was  at  the  time  of  my  visit 
being  run  experimentally  upon  a  circular  track  a  mile  in  length 
at  Alte-Ofen  Island,  in  the  Danube,  near  Budapest,  Hungary, 
illustrations   of    which    are    shown    in    Figs.    38,   39   and   40. 


Fig.  88.--Ganz  &  Co.'s  Experimental  8  Phase  R.  R.  at  Alte-Ofen,  Budapest. 

The  length  of  the  Italian  electric  road,  which  up  to  the 
present  has  been  operated  by  steam,  is  66  miles  and  the  maxi- 
mum grade  22^.  It  is  safe  to  say  that  this  road,  by  reason 
of  its  great  length,  problems  in  freight  and  passenger 
haulage,  high  potential  employed,  and  its  special  elec- 
trical and  mechanical  features,  represents  the  most  interesting 
electrical  railway  installation  now  under  construction,  and  it  will 
be  followed  with  the  greatest  interest.  The  motive  power  now 
being  arranged  for  represents  about  7,400  h.  p.,  with  facilities 
for   increasing   when    necessary.     The  power  will   be  derived 
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£roin  a  waterfall  near  Morbegno,  9^  miles  from  Calico  and  15^ 
miles  from  Sondrio.  Four  2,000  h.  p.  Shiickert  three-phase 
dynamos  generating  20,000  volts  at  15  cycles  are  direct-con- 
nected to  four  turbines,  which  are  supplied  from  a  raceway 
between  two  and  three  miles  long,  delivering  35  cubic  meters 
of  water  per  second  and  having  a  fall  of  30  metres.  The 
three-phase  current  of  20,000  volts  will  be  supplied  direct  to 
the  line,  and  the  12  sub-stations  will  transform  it  to  8,000  volts 
and  supply  12  independent  sections  of  the  railway  line,  each 
of  which  is  equipped  with  fuses.     Two  over-head  trolley  wires 


■"Pig.  89.— Ganz  &  Co.'s  Electric  Locomotive  at  Alte-Ofen. 

8  mm.  in  diameter  represent  two  of  the  phases  and  the  track 
the  third.  The  line  insulators  are  of  porcelain,  having  five 
petticoats  decreasing  in  size  from  top  to  bottom.  1  he  line 
wire,  which  is  of  copper,  is  7  mm.  in  diameter.  The  sections 
of  road  are  operated  upon  an  ingenious  block  system ;  when 
the  stop-signal  is  set,  the  line  circuit  is  opened  and  simultane- 
ously the  powerful  brakes  on  the  train  are  set.  Passenger  and 
freight  ti-aflBc  are  operated  independently.  The  freight  loco- 
motives will  be  of  700  h,  p.,  employing  four  motors,  and  capable 
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of  hauling  260  tons  at  a  speed  of  19  miles  an  hour  up  a  10^ 
grade.  The  passenger  locomotives  are  also  equipped  with  four 
motors,  each  weighing  about  3^  tons  and  representing  300  h.  p. 
The  schedule  speed  is  about  37^  miles  an  hour  on  the  level  and 
about  half  that  on  grades.  The  3,000- volt  current  is  taken  from 
the  trolley  lines  by  two  copper  rollers  16"  long  and  having  a 
diameter  of  ^\'\  These  rollers,  which  are  mounted  in  the  same 
axial  line,  revolve  upon  steel  ball  bearings  (through  which  no 
current,  however,  passes)  and  are  separated  by  5"  of  hard  wood 
saturated  in  paraffine  under  pressure.     On   the  left  and   right 


Fig.  40.— Showing  details  of  Alte-Ofen  Line,  Budapest. 

sides  of  this  pair  of  rollers  are  copper  cones  about  8"  long, 
rigidly  connected  to  the  trolleynBupport.  The  base  of  the 
trolley  is  mounted  on  a  long  horizontal  hinge  on  the  top  of 
the  car  and  connected  to  a  piston  of  an  air-cylinder,  so  that 
the  trolley  can  be  raised  and  lowered  by  air-pressure.  Each 
of  the  "  primary "  or  high-tension  motors  has  its  trolley  with 
double  rollers.  Collecting-brushes  running  on  graphite  collars 
take  the  current  from  the  two  rollers,  being  held  against  them 
by  spiral  springs.  The  current  is  then  led  by  highly-insulated  wires, 
protected     by     grounded     metallic     tubing,   to     the    motors. 
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Each  car  is  mounted  on  two  four-wheel  trucks,  one  of  which 
is  illustrated  in  Fig.  41,  and  is  equipped  with  two  ^* primary" 
and  two  "secondary"  induction  motors,  or  four  in  all,  each 
of  150  H.  p.  Each  rotor  w^eighs  about  1^  tons.  The  air-gap  is 
between  4  and  5  mm.  The  3,000-volt  current  passes  directly 
to  the  stationary  windings  of  the  "primary"  motors.  In  starting 
up  the  train  or  in  climbing  a  grade  the  motors  are.  connected 
in  " cascade " —that  is,  the  windings  of  the  "primary"  rotors, 
which  are  designed  for  300  volts,  are  connected  to  the  station- 
ary windings  of  the  "secondary"  motors, while  their  rotors  are 
connected  to  the  lEiuid  resistances ;  this  gives  a  speed  of  about  1 8^ 
miles  per  hour.     When  speed  is  attained  the  controller-handle 


Fig.  41.— Ganz  &  Co.'s  Electric  Locomotive  Truck,  with  Two  Three-phaze 
Motors,  for  Italian  Etailroad. 


(which  has  only  two  positions,  "  half-speed  "  and  "  full-speed  ") 
ifl  thrown  to  its  second  point,  which  throws  the  stationary 
fields  of  the  "primary"  motors  on  the  line,  and  their  rotors 
on  the  fluid  resistances  which  are  slowly  cut  out  of  circuit, 
the  secondary  motors  meantime  being  thrown  out  of  circuit. 
This  arrangement  gives  a  speed  of  37^  miles  per  hour.  The  wires 
in  both  field  and  rotor  windings  are  invisible  as  they  pass  longi- 
tudinally through  insulated  tubes  in  the  iron,  and  at  the  ends  of 
the  windings  are  insulated  by  mica  and  protected  by  plates  or 
caps  bolted  on.  The  controllers  at  each  end  of  the  car  are  con- 
nected mechanically,  and  the  high-tension  switches  are  connected 
electrically.     A  small  transformer  on  the  locomotive  connected 
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to  the  line  delivers  current  at  100  volte  to  a  three-phase  motor 
for  compressing  air  for  use  on  the  air-brakes,  operating  the  high 
tension  switch,  raising  and  lowering  the  fluid  in  the  resistance 
boxes  (which  is  simpler  than  raising  the  plates),  and  for  raising 
and  lowering  the  trolley.  The  same  transformer  supplies  cur- 
rent for  lighting  the  train  ;  Cruto  three-phase  incandescent  lamps 
are  employed,  the  periodicity  being  but  15  per  second,  the  fluc- 
tuations were  too  noticeable  in  the  ordinary  lamps,  so  the  Cruto 
8  filament  lamp  was  employed  and  showed  no  fluctuation. 

The  three-phase  liquid  rheostat  is  a  feature  of  considerable  inter- 
est. It  consists  of  an  iron  box  having  three  wings  to  it.  From  the 
top  of  the  box  depend  three  separate  cylinders.  Supported  in- 
side of  each  cylinder  are  two  sets  of  iron  plates.  They  are  of 
varying  length,  and  are  rounded  at  the  lower  extremity.  The 
alternate  plates  are  connected  in  pairs,  the  current  entering  by 
one  pair  and  leaving  by  the  other,  the  sets  being  attached  to  the 
three  phases  of  the  low-tension  rotor  circuits,  which  have  a  poten- 
tial of  300  volts.  The  lower  portion  of  the  outer  case  contains 
a  solution  of  sodium  carbonate.  The  upper  portion  of  this  outer 
case  is  supplied  with  compressed  air,  which,  according  to  the  rate 
with  which  it  is  allowed  to  pass  into  the  outer  chamber,  causes 
the  liquid  to  rise  in  the  three  cylinders.  The  liquid  as  it  rises, 
comes  in  contact  with  the  various  iron  plates,  one  after  the 
other,  and  more  or  less  resistance  is  thus  cut  of  circuit,  depending 
upon  the  height  of  the  solution.  By  releasing  the  air  pressure 
in  the  outer  compartment,  the  solution  immediately  drops  into 
the  lower  part  of  the  case,  and  the  plates  are  then  entirely  sepa- 
rated from  each  other.  The  entire  height  through  which  the 
solution  passes  is  less  than  12  inches.  This  resistance  box, 
which  is  the  result  of  a  large  amount  of  experimentation,  en- 
ables the  motor-driving  torque  to  be  kept  constant  during  accel- 
eration. The  air  exhaust  valve  is  a  lift  type  of  valve,  normally 
kept  open  by  a  spiral  spring.  The  valve  for  operating  the 
rheostat  is  compound,  having  several  ways  through  it.  On  being 
operated,  the  latter  first  opens  a  clear  way  for  the  compressed 
air  to  a  cylinder,  and  to  the  top  of  a  piston  which  compresses 
the  spiral  spring  above  referred  to,  and  closes  the  exhaust  valve. 
The  air  is  next  admitted  slowly  through  a  small  throttling  aper- 
ture, which  admits  the  air  at  low  pressure,  to  the  outside  of  the 
resistance  box  casing.  When  half-speed  has  been  attained,  the 
motion  of  the  controller  lever  when  thrown  to  full  speed,  causes 
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the  air  cock  to  close  the  throttling  apertnre,  and  open  another, 
thus  relieving  the  air  above  the  upper  surface  of  the  exhaust 
valve  piston,  permitting  the  compression  spring  on  this  valve  to 
instantly  open  it,  thus  throwing  in  again  instantly  the  whole  re- 
sistance. These  operations  are  repeated  in  securing  acceleration 
from  half  to  fall  sp)eed,  and  in  securing  retardation  from  full  to 
half  speed,  at  which  time  the  motors  are  in  '^  cascade,"  as  de- 
scribed. 

The  motors  are  direct-connected  to  the  axle ;  that  is,  there  is 
no  gearing ;  the  rotor  axle  is  hollow,  with  an  internal  diameter 
of  V  and  is  lined  with  brass,  permitting  the  car  axle,  which 
has  a  diameter  of  4'',  to  pass  through  it.  The  circuits  to  the 
three  collector-rings  pass  through  grooves  in  the  rotor  shaft. 
The  rotor  shaft  and  the  car  wheels  are  flexibly  connected,  and 
thus  jarring  and  vibration  are  prevented.  The  rotor  has  at  one 
end  die  three  collector-rings,  upon  which  rest  the  three  carbon 
block  brushes.  At  the  other  end  of.  the  rotor  is  a  driving- 
flange,  which  is  connected  to  the  driving-wheel  on  that  side 
through  two  links,  one  of  which  acts  by  thrust  and  the  other 
by  tension,  the  two  stresses  being  of  equal  magnitude. 

In  the  experimental  plant  at  Alte-Ofen,  Budapest,  a  potential 
of  3,000  volts  was  supplied  from  a  neighboring  plant  and  the 
locomotive  shown  in  Figs.  39  and  40,  had  but  two  motors  upon 
it.  The  photos  and  lantern  slides  will  serve  to  indicate  the  char- 
acter of  the  car,  track,  trolley  lines,  methods  of  insulation,  etc. 
I  am  indebted  to  Dr.  Otto  F.  Blathy  and  Mr.  Windisch  Antal  of 
Messrs.  Qanz  &  Co.,  and  to  Mr.  Francis  Jehl,  for  assistance  in 
preparing  this  data  and  for  iny  trips  over  the  road. 

Siemens  &  Halske  High  Tension  Three-Phase  K.  R. 

The  firms  of  Siemens  &  Halske,  Allgemeine  Elektricitats 
Gesellschaft,  and  Borsig  &  Co.,  of  Berlin,  have  formed  an  organi- 
zation for  the  study  of  problems  connected  with  the  operation 
of  electric  railways  under  steam  conditions.  The  work  I  shall 
refer  to  here  has  been  prosecuted  by  the  first  mentioned  firm, 
which  has  for  a  considerable  period  given  this  subject  attention. 
I  am  indebted  to  the  company's  engineers,  particularly  to  Mr. 
Walter  Reichel,  the  Chief  Engineer  of  Messrs.  Siemens  & 
Halske,  for  the  data  here  presented.  Mr.  Michael  Dolivo- 
Dobrowolsky,  Chief  Engineer  of  the  Allgemeine  Co.,  informed 
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the  author  that  his  company  is  also  constructing  a  locomotive 
for  experimental  test,  and  Borsig  &  Co.,  the  well-known  engine 
builders,  are  co-operating  with  the  other  concerns  in  this  im- 
portant undertaking.  Messrs.  Siemens  &  Halske  had  made 
some  interesting  experiments  with  three-phase  current  in  the 
year  1892  at  the  Werner  Works,  Charlottenburg,  upon  a 
track  360  metres  long,  and  in  the  year  1897  decided  to  build 
a  special  experimental  line  for  testing  an  electrical  equipment 


Pig.  43.— Origindl  Arrangement  of  S.  &  H.  Three-Phase  R.   R.  near  Berlin. 

employing  three-phase  alternating  current  motors,  and  an  e.  m.  f. 
of  10,000  volts,  and  for  testing  various  types  of  trolley?,  circuit 
safeguards,  crossing  constructions,  etc.  The  line  was  built  from 
Grosse  Lichterfelde  to  Zeblendorf  over  the  Teltow  road,  and 
was  undertaken  in  the  spring  of  1898,  the  track  being 
laid  for  1.8  km.,  standard  gauge,  with  the  power  station  at 
about  the  center  of  the  lin.e.  The  more  recent  tests  referred 
to  here,  were  conducted  in  the  spring  and  fall  of  1899,  and 
the  final  tests  in  the  spring  of   1900. 
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In  Fig.  42  is  shown  the  trolley  line  as  originally  arranged  with 
the  protective  net  below  the  conductors,  and  in  Fig.  43  is  shown 
the  improved  method  of  supporting  the  trolley  wires  and  pro- 
tective net.  In  the  first  arrangement  the  current  was  taken  off 
by  sliding  contacts  on  the  top  of  the  wires,  as  shown  in  Figs.  36 
and  38,  and  subsequently  by  side  rubbing  or  sliding  contacts. 
It  was  feared  that  at  the  high  rates  of  speed  desired,  the  ordinary 
forms  of  trolley  wheels,  loops  and  rollers,  would  tend  to  leave 
the  wire.  All  three  of  the  trolley  wires,  which  are  of  hard 
drawn  copper  wire  8  mm.  diameter,  were  placed  at  the  side  of 
the  road,  in  order  to  get  rid  of  the  effect  produced  upon  the  tele- 
phone system  by  using  the  track  for  one-phase.    The  wires  were 


<^  ^  <^  ^"^-Sl 


Fig.  44  —Original  Arrangement  of  Trolleys. 

held  by  porcelain  bell  ii^sulators,  tested  for  i  hour  under  water 
at  1 ,500  volts,  and  lay  at  an  inclined  plane,  and  were  screwed  to 
wooden  arms  pivoted  to  the  iron  poles,  permitting  the  wires  to 
be  strung  and  maintained  separately  and  evenly,  both  winter  and 
summer.  Tension  is  kept  on  the  wires  by  heavy  weights  placed 
inside  the  lattice  pdes  at  definite  intervals,  which  act  through  a 
looee  pulley  and  a  block  with  six  pulleys,  and  give  a  strain  of 
1,500  kg.  on  the  wires.  All  the  supports  are  lattice  poles  40  me- 
tres apart,  the  ones  carrying  the  weights  being  heavier  and  set  in 
oement.     As  a  precaution  all  the  poles  are  separately  connected 
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to  the  rails  by  a  copper  wire  8  mm.  diameter.  Fig.  44  indicates 
the  method  of  taking  the  carrent  from  the  trolley  wire.  The 
trolleys  consisted  of  strong  aluminium  pieces,  pivoted  about  a 
horizontal  axis,  and  fastened  to  an  iron  pipe,  the  contact  parts 
swinging  in  a  perpendicular  plane  to  the  working  wires,  against 
which  they  are  held  by  a  spring.  In  the  system  later  employed, 
all  three  conductors  lie  in  a  vertical  plane  one  metre  apart. 
Curved  iron  supports  are  attached  to  the  lattice  poles.  At  the 
ends  of  these  supports  are  tension  devices,  and  the  insulator  sup- 
ports are  fastened  at  a  slight  angle.  The  three-part  porcelain 
bell  insnlators  are  fastened  to  the  support  by  means  of  a  hempen 
rope;  there  is  double  insulation  top  and  bottom.  Sections  of  the 
conductor  can  move  sideways,  and  yield  to  pressure  as  in  the  case 
of  the  ordinary  under-running  trolley.  Metallic  supports  for  the 
troUey  wires  tightly  embrace  the  neck  of  the  porcelain  insula- 
tors, by  means  of  pressure  screws  and  spring  rings.  In  Figs.  43 
and  45  three  bow  trolleys  are  shown  on  top  of  the  locomotive. 
Each  is  pivoted  upon  perpendicular  axles,  all  of  the  same  height, 
and  which  are  insulated  by  strong  hard  rubber  insulators.  The 
loops  or  bows  are  of  different  lengths  and  inclinations.  They 
also  pivot  horizontally  to  pass  below  crossings,  etc.,  and  are  con- 
trolled simultaneously  by  a  worm  gear,  operated  from  inside 
the  cab.  The  working  conductor  and  trolleys  were  tested 
with  a  current  as  high  as  30,000  volts.  Power  is  supplied  from 
the  sub-station  of  the  Qrosse-Lichterfelde  Railway,  which  has  a 
storage  battery  and  direct-current  motors  for  driving  a  rotary 
current  dynamo.  The  latter  is  12-pole,  giving  normally  700  v. 
and  50  periods,  and  120  to  250  amperes  at  500  revolutions 
per  minute.  This  machine  can  be  completely  altered  so  that  po« 
tentials  from  385  to  4000  volts  can  be  developed.  There  is  also 
a  rotary  current  transformer,  with   a  transforming  relation  of 

10  Quo  ^'  ^^*^  .  t  e  A.  normal.  With  this  plan  it  was  possible 
to  secure  750  v.  directly,  2,000  v.  directly,  and  10,000  v.  by  trans- 
formation. The  transformer  dynamo  frame  and  instrument  cases 
were  all  grounded  as  a  precaution.  As  first  operated,  the  transfor- 
mer stepping  down  from  10,000  to  750  volts  was  drawn  along  on  a 
separate  attached  car  with  trolleys,  in  order  to  better  observe  the 
sliding  contacts,  and  to  be  free  from  the  high  tension  at  the  mo- 
tor, which  has  no  iron  casing.  There  was  also  only  enough  room 
in  the  locomotive  for  the  large  resistances  and  other  apparatus. 
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Later  an  iron  top  casing  was  put  on  the  locomotive,  in  which  the 
transformer  was  placed — the  eqaipment  having  the  appearance 
as  shown  in  Fig.  45.  The  metal  parts  of  the  locomotive  are 
grounded  to  protect  against  the  diflFerence  in   potential.      The 


Fig.  45. — Siemens  &  Halske  Three-phase  Locomotive  with  Cover  Raised,  Show- 
ing Transformers,  etc. 

weight  of  the  locomotive  complete,  was  16,000  kg.  It  is  equipped 
with  two  rotary  current  motors,  one  on  each  of  the  two  axles, 
and  operating  at  650  to  850  volts  and  30  h.  p.  normal.  The  cur- 
rent is  taken  direct  to  the  stationary  windings.      The  rotor  is 
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provided  with  slip  rings  and  ventilation.  The  air  gap  is  1.5  mm. 
Tested,  these  motors  show  an  efficiency  of  88.5  per  cent.,  and  the 
highest  type  is  of  120  h.  p.  with  650  v.,  which  is  increased  to  200 
H.  p.  at  850  yolts.  Tho  motors  are  flexibly  suspended,  similar  to 
the  street  railway  motors,  and  can  turn  upon  the  axles.  Two 
pair  of  gear  wheels  serve  to  change  the  speed,  with  a  gear  of 
1  :  4.66  for  a  speed  of  40  km  and  1 :  3.15  for  a  speed  of  60  km. 
For  the  operations  of  750,  2,000  and  10,000  volts,  the  same  mo- 
tors, frames,  and  rotary  parts  were  used — only  the  stationary 
parts  being  exchanged  for  the  direct  operation  with  2,000  volts. 
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Fio.  46.— Diagram  of  Circuits. 

Referring  to  the  circuit  diagram,  Fig.  46  a  controller  constructed 
for  750  volts  is  employed  for  the  switching  in  and  out,  and  for 
the  starting  of  the  motors.  The  same  has  in  its  interior  a  reverser 
drum  for  changing  the  running  direction,  and  a  controller  drum 
for  switching  the  stationary  windings  of  the  motor  in  and  out. 
The  controller  drum  is  mechanically  connected  by  a  chain  gear 
with  the  starting  devices  for  the  rotating  parts  of  the  motors. 
When  running  with  750  volts,  the  controller  is  directly  connected 
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with  the  troUejB.  When  running  with  10,000  volts,  it  is  however 
connected  through  the  trangformer,  from  10,000  vnlts  to  750  volts, 
and  a  switch  for  10,000  volts.  Running  with  2,000  volts  the 
supply  conductors  to  the  primary  pafts  of  the  motor  can  be  cut 
oflf  from  the  controller,  and  the  car  operated  by  two  auxiliary 
switches,  and  without  the  use  of  the  transformer.  The  reverser 
drum  of  the  controller  is  so  arranged  that  when  employing  an  ad- 
ditional transformer  (for  instance  with  10,000  volts)  different  cur- 
rents can  be  taken  off,  thus  obtaining  the  higher  torque  when 
starting  through  a  higher  e.  m.  f.  (850  volts)  than  during  the 
normal  running  (G50  volts).  The  reverser  drum  finally  has  steps 
at  which  only  two  phases  are  connected  up,  it  being  thus  possible 
to  reduce  the  running  speed  by  half.  The  starting  devices  are 
completely  separated  from  one  another  to  facilitate  the  cutting 
out  of  each  motor,  and  to  avoid  any  irregularities  in  the  synchro- 
nism of  the  motors,  with  wheels  whose  diameters  did  not  corres- 
pond. The  controller  is  placed  in  the  center  of  the  locomotive. 
The  high  tension  switch  is  outside  at  the  end  where  one  trans- 
former is  placed,  and  the  starting  devices  are  in  the  correspond- 
ing space  which  the  other  transformer  occupies.  The  high  ten- 
sion switch  is  provided  with  a  tube  spark  extinguisher,  and  the 
controller  with  a  magnetic  blow-out  and  a  successive  cut-out  for 
the  different  phases.  Connections  between  the  controller,  starting 
resistances  and  motors  are  carefully  insulated  to  stand  4,000  volts, 
and  are  mechanically  protected  by  rubber  tubes,  6  mm.  thick. 
Connections  between  trolleys  and  transformers  are  protected  by 
one  pipe.  Ordinary  packed  resistances  are  employed,  suspended 
beneath  the  car  floor,  near  the  starting  devices,  and  properly  pro- 
tected. Safety  fuses  are  on  each  side  of  the  three  low  tension 
circuits,  the  high  tension  circuits  being  protected  at  the  power 
house,  biemens  horned  (non-inductive)  lightning  arresters  are  used 
on  the  locomotive  for  each  phase.  Hand  and  air  brakes  are  em- 
ployed, and  the  usual  volt  and  ampere  meters.  A  locomotive 
with  a  load  of  30  tons  was  run  up  to  a  speed  of  60  km  in  60 
seconds  time,  with  700  v  and  190  a.  The  locomotive  alone,  at- 
tained the  same  speed  in  30  seconds.  When  run  with  a  load  of 
30  tons  at  60  km  per  hour,  the  motor  consumed  70  a.  at  700 
volts.  As  is  known,  the  starting  torque  varies  with  the  square 
of  the  voltage ;  therefore,  by  increasing  from  670  to  950  volts, 
the  starting  torque  can  be  increased  to  double  that  at  the  normal 
tension.  This  can  easily  be  obtained  when  employing  transformers 
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(in  the  operation  with  10,000  v)  by  the  addition  of  coil  sec- 
tions. The  speed  may  be  regulated  by  wheel  resistances  in  the 
secondary,  by  opening  a  secondary  circuit,  or  by  "cascade"  coup- 
ling. The  first  method  causes  a  loss  of  current ;  in  the  second 
the  motor  has  a  somewhat  lesser  maximum  torque— lesser  effi- 
ciency, and  a  smaller  output  corresponding  to  half  the  number  of 
revolutions ;  it  is,  however,  preferable  to  resistance  regulation. 
The  same  may  be  said  of  the  "cascade  "  coupling,  in  which  the 
torque  is  reduced  to  half  of  the  output  =  to  i-  A  braking  ac- 
tion of  the  motors  was  obtained  by  decreasing  the  number  of  al- 
ternations of  the  dynamo  through  an  increase  of  the  field  of  the 
driving  motors;  likewise  current  was  sent  back  to  the  accumula- 
tor battery,  when  going  down  hill. 

The  ^Jdngfrau'*  Threb-Phase  Railway. 

The  Jungfrau  Railroad  which  has  been  under  construction 
since  1897,  and  which,  it  is  estimated,  cannot  be  completed  be- 
fore 1908  to  1910,  has  attracted  the  attention  of  engineers  the 
world  over.  It  employs  three-phase  current  of  7,000  volts,  sup- 
plied by  generators,  operated  by  water  power.  Portions  of  the 
current  are  transformed  to  120  volts,  for  the  lighting  of  Lauter- 
brunnen  and  Wegem,  and  at  stations,  and  for  tunnel  boring. 
The  current  for  operating  the  locomotive  is  transformed  to  500 
volts.  Two  overhead  contact  wires  are  employed,  the  rails  being 
used  as  the  third  conductor;  the  trolley  wires  are  16''  apart,  and 
have  double  insulation  between  each  other  and  between  each 
wire  and  ground.  These  insulators  come  from  America  and  were 
supplied  by  A.  &  J .  M.  Anderson  of  Boston,  Mass.  The  supports  are 
about  100  feet  apart.  Double  trolleys  with  both  slide  and  wheel 
contact  makers  are  employed,  as  shown  in  Figs.  41  and  42. 

The  overhead  conductors  are  bare,  and  supported  on  triple- 
petticoat  porcelain  insulators,  mounted  on  wooden  posts.  A  ten 
per  cent,  loss  is  allowed  on  the  conductors.  Lightning  protectors 
are  of  the  Siemens  &  Halske  horned  type,  at  each  end  of  the 
circuits,  and  on  every  pole  is  a  pointed  wire  connected  to  the 
earth. 

The  electrical  generators  are  supplied  by  the  Oerlikon  Com- 
pany, which  also  supplied  the  transformers  and  appurtenances, 
at  present  consisting  of  two  units  of  600  h.  p.,  and  one  of 
800  H.  p.,  direct  coupled  to  Gerard  turbines,  made  by  Reiter  & 
Oo.  of  Zurich,  and  having  horizontal  shafts  with  two  wheels 
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running  at  380  revolutions.  These  generators  are  of  the  induc- 
tor type  with  stationary  windings,  and  generate  a  three-phase 
current  of  38  cycles  and  7,000  volts,  running  at  a  speed  of  380 
revolutions  per  minute.  They  are  connected  to  the  turbines  by 
flexible  insulating  couplings  and  are  mounted  upon  porcelain 
insulators.  Two  exciters  of  25  h.  p.  each  at  600  revolutions^ 
supply  a  direct  current  of  120  volts  for  exciting  the  fields. 
These  exciters  are  shunt  wound,  and  direct  coupled  to  separate 
turbines.     Each  exciter  is  capable  of  exciting  all  four  generators 


Fig.  47.— *'Jungfrau"  8-Phase  R.  R.  Locomotive. 

which  will  constitute  the  plant.  All  of  the  turbines  are  auto- 
matically regulated.  The  present  station  at  Lauterbrunnen  will 
supply  2,000  H.  p.  from  the  "  Weisse  "  Lutschine,  and  that  at 
Grindelwald  will  supply,  when  completed,  3,000  h.  p.  Thi& 
supply  comes  from  the  *'Schwartze"  Lutschine  which  gives  9,000 
available  h.  p.  The  total  length  of  the  transmission  line  from  the 
Lauter-brnnnen  Station  to  the  top  of  the  mountain  is  about  twenty 
miles.     At  ten  per  cent,  drop,  the  allowance  would  be  about 
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700  volts.  The  conductors  are  about  5/16''  diameter,  and  when 
the  road  is  completed,  there  will  be  twelve  substations  alongf  the 
entire  line,  about  one  and  a  half  miles  apart, — the  highest  being 
about  13,000  feet  above  the  sea.  There  will  be  about  seven 
miles  of  tunnel  on  this  road— alone  costing  $1,000,000.  The 
trolley  wii-es  in  the  tunnel  are  supported  by  iron  hooks  projecting 
from  the  rocks.     Owing  to  the  nature   of   the   rocks  it  has  not 


Fia.  4?.— *•  Jungfrau"  8-Phase  R.  R.  Locomotive.  • 

been  necessary  to  face  the  tunnel  with  stonework.  About 
fifty  H.  p.  is  used  for  running  eight  three-phase  current  motors, 
for  driving  ventilators,  pumps,  etc.  in  the  tunnel  work,  and  con- 
tinuous current  is  also  used  for  operating  boring  machines  on  the 
electrical  percussion  solenoid  principle.  The  transformers  con- 
sist  of  three  vertical   iron   cores,  on  which   the   primary  and 
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secondary  coils  are  placed  co-axially  over  one  another.     They 
are  of  200  k.  w.,  and  give  a  secondary  voltage  of  500  volts. 

In  Figs.  47,  48  and  49  are  shown  types  of  the  electric  locomo- 
tives employed  on  the  Jungfran  road.  There  are  "five  locomotives. 
Two  of  them  were  made  by  Brown,  Boveri  &  Co.  of  Baden,  with 
an  individual  weight  of  18  tons,  and  each  locomotive  has  two 
motors  with  a  maximum  outpnt  of  200  h.  p.  and  a  speed  of  7G0 
revolutions  per  minute ;  the  other  three  locomotives  were  made 
by  the  Oerlikon  Company  of  Zurich,  and  are  each  of  19  tons 
weight,  each  being  equipped  with  two  220  h.  p.  induction  mo- 
tors with  a  normal  speed  of  500  revolutions  per  minute.  The  lo- 
comotives are  designed  to  make  an  ascending  speed  of  five  miles 


Fig.  49. — Showing  "Juagfraa*'  locomotive  coiistiuetion. 

an  hour  and  draw  two  care  seating  eighty  persons.  These 
motors  are  connected  by  a  double  reduction  gearing.  A  sprocket 
wheel  having  teeth  4"  pitch  and  2f"  broad,of  aluminium  bronze,, 
engages  a  continuous  "  Strub"  rack  laid  between  the  rails  of  the 
road.  This  rack  is  put  down  in  ten  feet  sections,  its  height  above 
the  ties  is  about  7",  the  pitch  4",  the  breadth  of  the  teeth  is  2^'^^ 
and  the  tooth  depth  %Y.  The  rails  are  of  8teel,42  lbs.  to  the  yard 
and  32  feet  in  length,and  the  gauge  3.28  ft.  In  the  open  they  are 
laid  upon  wood  tics  and  in  the  tunnel  upon  cast  iron  ties.  A 
controller  cuts  resistance  in  and  out  of  the  rotor  circcits,  which 
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resistances  are  kept  cool  by  air  forced  through  them  by  a  venti- 
lating fan  driven  by  a  three-phase  induction  motor.  In  the  first 
locomotives  built  by  Brown,  Boveri  &  Co.,  one  resistance  was 
used  for  two  motors.  This  had  the  disadvantage  of  producing 
"  hunting,"  but  the  locomotives  of  this  firm  worked  satisfactorily 
from  the  very  beginning  notwithstanding  the  heavy  duty  to 
which  they  were  subjected.  In  the  later  Oerlikon  types  each 
motor  has  a  separate  resistance,  which  was  used  not  only 
for  starting,  but  also  for  absorbing  current  when  the  locomotive 
was  descending,  at  which  time  the  motors  are  left  in  circuit  to 
secure  the  automatic  braking  action,  and  giving  the  generators  a 
nearly  constant  load.  These  descending  locomotives  may  at  times 
supply  current  to  the  line,  thus  assisting  the  ascending  ears. 
The  locomotives  will  start  themselves  on  a  grade  of  25  per  cent. 
By  mounting  one  end  of  a  car  on  an  extension  of  the  locomotive 
frame  the  traction  has  been  favorably  increased,  and  to  secure  the 
greatest  benefit  of  this  weight  -the  cars  are  put  in  front  of  the 
locomotive  in  going  up  hill,  and  behind  it  in  descending. 

It  was  customary  at  one  time  before  descending,  to  signal  the 
Lanter-brunnen  power  house,  and  resistance  was  put  in  circuit, 
but  later  the  locomotives  were  equipped  with  a  resistance  quali- 
fied to  absorb  the  whole  current  generated  by  the  motors  in  des- 
cending. This  saves  wear  and  tear  on  brakes  and  turbines,  gene- 
rators, etc.,  and  wastes  no  extra  power  as  the  water  must  pass 
the  power  house  at  any  rate. 

The  cars  are  equipped  with  hand,automatic  and  electric  brakes, 
as  required  by  Swiss  Mountain  regulations.  One  of  these  loco- 
motives is  shown  in  Fig.  49.  Messrs.  West-Kunz  and  Thorman 
in  their  report  to  the  Jungfrau  Railway  Commission  upon  the 
relative  advantages  of  employing  three-phase  transmission  with 
rotary  converter  sub-stations  and  continuous  current  motors  on 
the  locomotives,  as  compared  with  the  employment  of  three-phase 
current  throughout,  advised  the  employment  of  the  latter  for 
the  following  reasons : 

1st,  because  of  the  greater  simplicity  of  the  regulating  arrange- 
ments of  the  motors. 

2nd,  because  of  the  automatic  braking  action  in  descending 
grades. 

3rd,  because  of  the  expense  and  difficulty  in  maintaining  sub- 
stations, employing  rotating  machinery,  and  assistants  to  relieve 
each  other  periodically. 
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4th,  because  after  very  careful  estimates  had  been  prepared 
from  manafacturers'  actual  prices,  it  was  found  that  the  first  cost 
of  the  rotary  converter  method  would  be  over  60  per  cent, 
gredter  than  that  of  a  system  in  which  three-phase  currents  only 
were  employed. 

Fig.  50  is  a  diagram  of  the  wiring  of  the  generating  station  and 
locomotives.  When  the  road  is  completed  it  is  proposed  to 
transport  the  passengers  300  feet  higher,  to  the  summit,  by 
means  of  an  electric  elevator,  (which  I  show  in  accompanying 
lantern  slides),  upon  which  will  be  mounted  a  three-phase  motor, 
carrying  two  pinions,  working  in  racks  on  the  side  of  the  shaft. 
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Fio.  60.  ^Diagram  of  Generating  station  and  Locomotive  Cirouits  Jangfrau 

B.  R. 

The  Jungfrau  is  13,667  feet  above  the  sea  level  and  11,808  ft. 
above  Interlaken. 

The  electric  road  is  now  open  from  Kleine  Scheidegrg — which 
is  4,270  feet  above  Interlaken — to  Bothstock,  and  although  finan- 
cial difficulties  have  recently  delayed  the  work,  it  is  expected  that 
Eismere  will  be  reached  in  1903  and,  as  before  stated,  the  road 
entirely  completed  between  1908  and  1910. 

When  completed  the  round-trip  fare  will  be  36  francs  or 
about  $7. 

The  entire  cost  of  the  road  when  completed  is  estimated  at 
$2,000,000. 
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The  distance  from  the  commeDcement  of  the  electric  line  to  the 
taDnel  is  about  six  miles. 

At  each  of  the  transformer  subHstations^^hich  are  in  the  main 
•cut  out  of  the  solid  rock,  space  is  given  for  three  transformers, 
for  the  necessary  switches,  instruments,  etc.,  all  of  which  are 
carefully  insulated  by  glass  or  porcelain. 

There  are  special  sub-stations  at  Kleine  Scheidegg  and  at 
Eigerglacier,  containing  an  additional  transformer  of  40  e.  w. 
and  a  rotary  transformer  of  the  same  capacity,  and  also  a  set  of 
storage  batteries.  These  can  be  used  in  case  of  breakdown  or 
stoppage,  and  for  lighting  the  buildings,  supplying  the  tunnel 
work,  etc. 

A  difficult  problem  has  been  to  satisfactorily  reduce  the  speed 
of  locomotives  going  down  hill,  which  always  exceeded  the 
ascending  speed  by  reason  of  the  fact  that  three-phase  generators 
run  faster  as  generators  than  as  motors.  The  Oerlikon  Company 
has  neatly  solved  the  difficulty  by  attaching  a  small  direct-current 
dynamo  to  the  motor-shaft  and  supplying  a  direct  current  to  the 
«tator  windings  of  each  motor ;  a  resistance  placed  in  circuit  per* 
mits  the  regulating  of  the  direct  current  and  secures  a  speed 
about  half  that  of  ascending.  When  the  locomotive  starts  to 
descend,  the  over-head  trolleys  are  lowered,  and  the  three-phase 
current  generated  by  the  rotor  is  absorbed  by  the  motor-starting 
resistance,  which  is  much  less  than  formerly.  This  brake  arrange- 
ment has  displaced  the  magnetic  brake,  which  is  only  in  circuit 
when  going  uphill. 

The  two  rack  pinions  are  28''  at  the  pitch  drain,  the  number  of 
teeth  22  and  pitch  4''.  At  either  side  of  the  rack  pinions,  are 
grooved  wheels  4''  broad,  each  with  four  V-shaped  grooves,  into 
which  fit  iron  clamps  at  both  sides  of  the  horizontal  drain.  Thus 
by  turnino^  either  brake-handle,  the  brake  acts  at  eight  points 
simultaneously  at  both  ends  of  these  axles  on  the  spur-wheels  of 
the  second  gear ;  the  reduction  is  2  to  1  and  the  pitch  1'';  the 
reduction  by  the  first  gear  is  5.6  to  1  and  pitch  slightly  less 
than  r\ 

It  is  said  that  before  1851  but  five  succeHsful  attempts  were 
made  to  ascend  the  Jnngfrau,  and  while  many  plans  have  been 
suggested  for  carrying  the  public  to  the  summit,  it  remained  for 
the  celebrated  engineer,  Mr.  Guyer  Zeller,  to  bring  forward  the 
first  practicable  plan.  This  was  in  1893,  and  in  the  following 
year  he  was  granted  the  necessary  franchise  to  carry  out  the 
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work,  which  he  prosecuted  with  great  energy  and  skill  nntil  his 
death  in  the  year  1S99. 

The  aathor  has  visited  other  important  Swiss  three-phase  elec- 
tric railways,  but  deems  it  inadvisable,  by  reason  of  the  length  of 
his  paper,  to  present  at  this  time  data  on  others  than  that  most 
interesting  and  typical  road  the  "Jungfrau."  He  will,  however, 
show  some  interesting  lantern  slides  of  the  Stansstadt-Engelberg 
and  Bnrgdorf-Thun  three-phase  Swiss  mountain  electric  railways. 


Discussion. 

The  Pbesidbnt  : — The  paper  is  now  open  for  discussion,  but 
before  it  begins  I  would  like  to  call  attention  to  something  which 
Mr.  Hammer  did  not  mention,  and  which  may  also  interest  you 
as  one  of  the  recent  electrical  novelties  from  Europe.  It  is  what 
might  be  called  a  '^  Nemst  arc  lamp,"  that  is,  an  arc  sprung  be- 
tween pencils  of  heated  porcelain.  One  of  the  most  interesting 
features  about  if,  is  that  it  is  claimed  to  be  extremely  efficient, 
much  more  so  than  the  usual  arc  lamps ;  the  difference  in  effi- 
ciency between  it  and  the  present  arc  lamp  is  much  greater  than 
between  the  Mernst  incandescent  lamp  and  the  ordinary  incan- 
descent lamp.  The  efficiency  is  said  to  be  about  five  or  six 
candles  per  watt  and  it  is  claimed  that  this  is  equal  to  the 
mechaiiic.il  equivalent  of  light.  This,  if  true,  would  mean  that 
it  is  the  maximum  efficiency  which  can  ever  be  reached. 
Personally  I  believe  this  conclusion  is  based  on  errors,  but  never- 
theless this  new  are  light  is  a  very  interesting  experiment.  The 
paper  is  open  for  discussion. 

[Adjourned.] 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENQIHEER8. 

New  York,  March  22,  1901. 

The  152d  meeting  was  held  this  date  at  12  West  31st  Street,, 
and  was  called  to  order  by  President  Hering,  at  8.«S0  p.  m. 

Thb  Sbobbtaby:— At  the  meeting  of  the  Council  this  after- 
noon, the  following  Associate  Members  were  elected : 


Name. 

Albin,  Henby  Allison 


Bull,  Robert  Wilson 


Cooks,  Gboboe  A. 


Address.  . 

General  Manturor  and  Blectrical 
Engineer,  Concord  St.  Rail- 
way, Concord,  N.  H. 

Electrical  Engineer,  The  New 
Jersey  Zinc  Co.,  (of  Penn.) 
Palmerton,  Pa. 

Electrical  Engineer  and  Supt., 
Hawaiian  Electric  Co.,  Bon- 
olulu,  H.  I.;  residence,  Chi- 
cago, 111. 
Bdmands,  Samuel  Sumneb  Assistant  in  Electrical  Engin- 
eering. Ohio  State  Uniyersity, 
Columbus,  0. 

HowB,  WiNTHROP  Keith      Assistant     Engineer,     Taylor 

Signal  Co..  256  Delaware 
Ave.,  BuflPalo,  N.  Y. 

Johnson,  Wallace  Clyde  Chief  Engineer.  The  Niagara 

Falls  Hydraulic  Power  and 
MTg.  Co,  Niagara  Falls, 
N.  Y. 

MuDGE,  Aethub  Langlet   Electrical    Engineer,     Grand 

Trunk  Railway  Co.,  Mon- 
treal, Canada. 

Pbeet,  John  President  of  I.  E.  E  (England) 

84  Palace  Gardens  Terrace, 
London  W.  England. 

RocKWOOD,  DwiOHT  Cabbington    Student,  Westinghouse 

Elec.  &M'f;g  Co..  Box  104, 
Edgewood  Park,  Pa.:  resi- 
dence, 954  Main  St.,  Buffalo, 
N.  Y. 
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Endorsed  bj 

Chas.  R.  Cross. 
J.  B.  Smith. 
S.  B.  Paine. 

Gano  S.  Dunn. 
P.  V.  Benshaw. 
Horace  Dowie. 

Wynn  Meredith. 
A.  M   Hunt. 

A.  Gartley. 

F.  C.  Caldwell. 
H.  B.  Smith. 

B.  E.  Brown. 

H.  H.  Wait. 
E.  P.  Warner, 
y.  R.  Lansingh. 

J.  P.  Kelly. 
I.  R.  Rdmands. 
S.  B.  Winchester. 

R.  B.  Owens. 
P.  G.  Gossler. 
R.  M.  Wilson. 

W.  J.  Uammer. 
Ralph  W.  Pope. 
Carl  Bering. 

Chas.  P.  Scott. 
JohnS   Peck. 
H.  L.  Wallau. 
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Sparks,  Chas.  Pratt  Cliief  Engineer,  The  Counter  of 

London  Electric  Lighting 
Co.,  Surrey,  England. 

Strong,  Jambs  Rbhsen       President,  Tiie  Tucker  Electric 

Construction  Co.,  85  South 
William  St.,  N.  Y.;  resi- 
dence. Short  Hills,  N.  J. 

Swikton,  Alan  Archibald  Campbell  Consulting  Elec- 
trical Engineer,  66  Victoria 
St.,  London  S.  W.  England. 

Thomas,  John  Williams  Construction  Engineer,  Elec- 
tric Storage  Battery  Co., 
Hokendauqua,  Pa. 

Thomson,  Gbo.  Andros       Special   Agent,    The   Adams- 

Bagnall  Electric  Co..  26 
Cortlandt  Street,  New  York; 
residence,  Somerville,  N.  J. 

Student,  Westinghouse  Elec. 
&  MTg  Co.,  Edgewood  Park, 
Pa. ;  residence,  Port  Huron, 
Mich. 


Van  Vlkbt,  Roy  Mitchell 


Total  15. 


Wm.  J.  Hammer 
Ralph  W.  Pope. 
Carl  Hering. 

H.  A.  Pindair. 
T.  C.  Martin. 
W.  D.  Weaver. 

Wm.  J.  Hammer. 
Ralph  W.  Pope. 
Carl  Hering. 

Louis  Duncan. 
C.  T.  Hutchinson 
Leonard  Waldo. 

J.  J.  Bellman. 
F.  M.  Pedersen. 
Horace  Dowie. 

H.  L.  Wallau. 
Chas.  F.  Scott. 
Jno,  S.  Peck. 


The  following  named  Aesociate  Member  was  transferred  to 
full  memberBhip: 


Approved  by  Board  of  Examiners,  February  8th,  1901. 

Arthur  L.  Hadley,  Electrical  Engineer,  Fort  Wayne  Electric  Works, 

Fort  Wayne,  Ind. 

At  the  meeting  of  tlie  Council  this  afternoon,  the  following 
names  were  selected  as  the  Council  nominations  for  the  coming 
election. 

For  Presidefit,  Charles  P.  Steinmetz;  for  Viae- Presidents y 
Samuel  Sheldon,  George  F.  Sever,  Michael  I.  Pupin ;  for 
Managers^  John  W.  Lieb,  Jr.,  Charles  F.  Scott,  Samuel  Reber, 
W.  E.  Goldsborongh ;  for  Treasurer^  George  A.  Hamilton  ;  for 
Secretary,  Ralph  W.  Pope, 

)1:^.Thk  Jtbesident: — The  paper  of  the  evening  which  is  next 
in  order  is  on  the  *•  Distribution  and  Conversion  of  Received 
Currents,"  by  Henry  Gordon  Stott.  I  will  call  upon  Mr.  Stott 
to  read  his  paper. 
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THE  DISTRIBUTION  AND  CONVERSION  OF 
RECEIVED  CURRENTS. 

BY    HENBY   GORDON   STOTT. 

Before  proceeding  to  the  subject  proper  of  this  paper  it  wiU 
be  interesting  .to  give  a  brief  description  of  the  apparatus  and 
lines  generating,  transforming  and  conveying  the  current  from 
Niagara  Falls  to  the  Terminal  House  at  the  city  limits  of  Buf- 
falo, where  the  overhead  lines  terminate  and  the  underground 
distributing  system  for  the  various  purposes  to  be  hereafter  de- 
scribed, begins. 

The  power  received  in  Buffalo  originates  at  the  well  known 
plant  of  the  Niagara  Falls  Power  Company  at  Niagara  Falls, 
N.  T.,  in  water  driven  turbines  direct  connected  to  6,000  h.  p. 
two-pbase  2,200-volt  25-cycle  generators.  Ten  of  these  genera- 
tors are  now  installed,  and  a  new  wheel  pit  is  being  excavated 
on  the  south  side  of  the  surface  canal,  parallel  to  the  present 
power  house,  for  twelve  more  generators  of  the  same  size,  which 
will  give  an  ultimate  total  capacity  of  110,000  h.  p.,  and  it  is  a 
very  safe  prophesy  to  say  that  every  horse-power  of  it  will  be 
sold  afi  fast  as  the  turbines  and  generators  can  be  installed,  as 
the  present  installation  of  50,000  h.  p.  is  all  contracted  for,  and 
already  many  customers  find  themselves  in  the  position  of  Oliver 
Twist,  and  with  no  better  results. 

The  2,200-volt  two-phase  current  is  conducted  into  the  Trans- 
former House,  where,  after  passing  through  time  element  over- 
load circuit  breakers,  it  enters  two  distinct  banks  of  step-up 
transformers  of  the  air  cooled  type,  of  an  aggregate  capacity  of 
12,000  K.  w.,  which   are  arranged  in  pairs  for  the  two-phase 
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three-phase  connection  at  thje  same  time  to  change  the  pressare 
to  1 1,000  volts.  Within  a  couple  of  months  the  secondaries, 
which  are  now  in  multiple,  will  be  connected  in  series  to  give 
22,000  volts  as  originally  intended. 

The  11,000-volt  three-phase  current  from  the  secondaries  of 
the  two  banks  of  transformers  is  brought  directly  out  in  cables 
on  large  special  porcelain  insulators  Eet  in  iron  fixtures  in  the  air 
chamber,  and  then  on  the  regular  helmet  type  porcelain  insulators 
on  timbers  on  the  wall.  The  lightning  arresters  are  of  the  usual 
multi-gap  type  with  reactive  coils  in  series,  and  in  a  second  type 
with  an  additional  cbeck  to  the  current  in  the  shape  of  carbon 
resistances  to  prevent  the  live  current  following  the  lightning 
discharge. 

The  two  three-phase  11,000-volt  circuits  running  on  the  same 
pole  line  to  Buffnlo,  each  consist  of  three  bare  stranded  copper 
cables  of  350,000  cm.  area,  forming  equilateral  triangles  on  each 
side  of  the  pole,  the  sides  of  the  triangles  being  three  feet.  In 
the  run  of  28  miles  to  Buffalo,  the  lines  are  transposed  five 
times  in  order  to  equalize  and  minimize  the  inductive  drop  on  all 
phases,  and  at  Tonawanda  where  a  branch  line  is  taken  off  for 
Tonawanda  and  Lockport,  lightning  arresters  are  installed  of  a 
type  similar  to  those  used  at  Niagara  Falls  and  Buffalo.  During 
the  first  two  years  operation  of  this  line,  iron  guard  wires 
grounded  at  every  alternate  pole  were  used  for  protection  from 
lightning,  but  so  much  trouble  was  caused  by  them  falling  on 
the  lines  that  after  striking  a  balance  between  the  supposed  pro- 
tector and  the  known  trouble,  the  result  was  so  overwhelmingly 
against  the  former  that  the  guard  wires  were  taken  down,  and 
the  interruptions  due  to  line  trouble  very  materially  reduced. 
The  remaining  trouble  on  this  part  of  the  system  was  almost 
exclusively  due  to  the  ever  present  boy,  who  speedily  discov- 
ered that  by  a  little  dexterity  in  the  manipulation  of  an  old  piece 
of  iron  wire  or  hoop,  he  could  produce  brilliant  Fourth-of-July 
effects  at  will.  The  cables  were,  at  this  time,  only  18  inches 
apart,  and  an  arc  once  established  would  travel  backwards  along 
the  line  with  ease  until  the  circuit  breakers  eventually  opened  at 
the  Falls.  This  trouble  was  remedied  very  effectually  by  separ- 
ating the  cables  three  feet  apart  as  at  present,  and  at  the  same 
time  arranging  them  so  that  they  formed  a  triangle  with  the 
apex  below  instead  of  all  being  on  the  same  plane  as  formerly. 

At  the  Terminal  House  situated  at  the  city  limits  of  Buffalo, 
the  lines  now  terminate  in  a  common  set  of  bus  bars,  and  to  these 
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bus  bars  are  connected  the  five  three-conductor  lead  covered 
cables  which  lead  to  the  various  sub-stations. 

Simultaneouslj  with  the  increase  of  line  pressure  to  22,000 
volts  there  will  be  installed  in  the  Terminal  House  six  2,250  k.  w. 
step-down  transformers  of  the  oil  and  water  cooled  tjpe,  reduc- 
ing the  pressure  to  11,000  volts  for  distribution  in  the  under- 
ground  cables. 

A  third  line  is  now  being  built  from  Niagara  Falls  to  the  Ter^ 
minal  House,  following  a  different  route,  in  order  to  give  greater 
security  of  service,  but  as  the  present  pole  line  is  buUt  with  very 
heavy  poles  90  feet  apart,  no  great  anxiety  is  felt  as  to  the  possi- 
bilities of  even  Lake  Erie  zephyrs  combined  with  sleet,  affect* 
ing  it. 

Following  the  current  as  it  comes  into  the  Terminal  House  on 
the  22,000-volt  lines,  we  first  come  to  the  lightning  arresters 
which  are  of  the  well  known  multi-gap  type,  the  connections  ta 
each  line  having  a  reactive  coil  inserted  to  prevent  the  rush  of 
static  discharge  being  followed  by  a  greater  current,  from  the 
line,  than  the  gaps  of  non-arcing  metal  can  interrupt  by  cooling 
off  the  air  and  extinguishing  the  arc  at  the  zero  period  of  the 
wave.  As  an  interesting  fact  it  may  be  observed  that  the  num- 
ber of  1/32''  standard  gaps  necessary  to  prevent  the  current  arcing 
across  under  normal  conditions  is  not  directl^proportional  to 
the  pressure,  but  increases  in  the  same  ratio  as  the  arcing  dis- 
tance in  air  of  a  single  gap. 

The  high-tension  circuit-breakers  shown  in  Fig.  1  are  of  a 
very  simple  form,  but  one  which  has  invariably  given  excellent 
results,  being  simply  a  long  hollow  wooden  arm  containing  a 
flexible  insulated  conductor,  which  completes  the  circuit  through 
copper  contact  blocks,  with  auxiliary  carbon  contacts  for  break* 
ing  the  arc  on.  When  the  cu-cuit-breakers  open,  the  arm  de- 
scribes the  arc  of  a  circle  giving  a  break  of  over  three  feet,  and 
as  the  arc  ascends  rapidly,  due  to  the  currents  of  hot  air  gener* 
ated  by  it,  the  length  of  the  arc  is  rapidly  increased  until  broken. 
The  position  of  the  marble  barriers  above  the  panel  illustrate 
the  height  to  which  the  arc  may  be  expected  to  rise  in  extreme 
cases.  After  passing  through  the  circuit-breakers  the  current  ia 
led  to  bus  bars,  and  from  these  to  the  two  groups  of  trans- 
formers only  three  cables  being  carried  from  the  panels  to  each 
group  of  three  transformers,  as  the  delta  connection  is  made  at 
the  terminals.     The  low  tension,  or  ll,00C-vo]t  secondaries  are 
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connected  in  the  same  way  to  the  bus  bars  on  the  secondary 
panels,  and  from  here  the  five  three-conductor  lead  covered  cables 
distributing  the  current  to  the  various  sub-stations  in  Buffalo, 
receive  their  current  after  passing  through  the  usual  recording 
and  indicating  meters  and  circuit-breakers  of  the  same  tjpe  as 
on  the  22,000-volt  side.  All  these  circuit-breakers  have  a  time 
element  device  which  can  be  regulated  so  as  to  make  the  circuit- 
breakers  open  only  after  a  short-circuit  has  lasted  a  predeter- 
mined number  of  seconds  ;  similar  devices  are  used  on  all  over- 


^j^^K^Kk 

% 

>_ 

If 

^^^^^r  '' 

1  -mm.^        -^ 

,1 

Fig.  2. — A  Tiew  of  one  of  the  time  element  relays.  The  two  coils  are  con- 
nected respectively  with  current  transformers  in  two  phases  of  the  line.  Either 
releases  the  clockwork  which  after  a  proper  interral  closes  a  local  circuit 
through  the  tripping  coils  of  the  breakers. 

load  circuit- breakers,  the  time  limit  varying  inversely  as  the 
distance  from  the  source  of  power,  in  order  to  prevent  the  more 
distant  stations  shutting  down  the  others. 

We  now  come  to  the  distribution  and  conversion  of  the  cur- 
rent in  ^Buffalo,  but  the  scope  of  this  paper  will  only  permit  of 
the  more  important  and  novel  features  being  taken  up  and  de- 
scribed in  the  briefest  manner  possible. 
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Distribution. 
Referring  to  the  diagram,  Fig.  6,  showing  the  system  of  distribu- 
tion connecting  tlie  seven  substations  to  theTerminal  House,it  will 
be  seen  that   there   are  five  three-conductor  cables  leaving'the 
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Terminal  House,  each  sub-station  being  connected  to  at  least  two 
cables,  eitlier  one  of  wliich  is  capable  of  carrying  the  full  load, 
and  in  the  other  stations  having  more  cables,  any  two  are  capa- 
ble of  carrying^  the  full  load.  The  necessity  for  duplicate  ser- 
vice to  prevent  shut-downs  through  cable  trouble,  is  so  obvious 
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as  to  necessitate  no  farther  comment,  but  the  automatic  appara- 
tus used  to  cut  out  the  faulty  cable  is  novel  and  interesting. 
Before  describing  the  system,  a  brief  description  of  the  various 
circuit-breaking  apparatus  used  will  be  in  order. 

Figure  1  shows  a  type  of  breaker  used  in  the  Terminal  House 
and  in  substation  No.  3,  wliich  has  already  been  described  ;  Figs.  2 
and  2a,  show  one  known  as  the  shunted  fuse  type,  in  which  the  cur- 
rent is  can-ied  by  a  spring  copper  leaf  brush  which  is  forced  into 


Fio.  2b 

contact  with  the  copper  blocks  by  means  of  a  toggle  joint  lever. 
In  shunt  with  this  is  a  copper  fuse  wire  20"  long  of  No.  22  b.  &  s. 
gauge  fastened  in  a  groove  in  a  stick  having  near  eaeh  end  brass 
contacts,  which,  when  the  fuse  stick  is  forced  into  the  receptacle 
mounted  in  tiie  marble  panel,  forms  a  shunt  on  the  circuit- 
breaker  proper.  The  fuse  stick  is  covered  with  fibre  paper,  and 
three  holes  are  punctured  through  this  paper,  so  that  when  the 
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stick  is  in  place  in  the  enclosing  wooden  tnbe,  the  holes  in  the 
paper  exposing  the  copper  wire,  are  opposite  three  fibre  chim- 
neys. The  gases  formed  by  the  melted  copper  escape  with  such 
force  through  these  chimneys  shown  in  Fig.  2b,  that  the  are 
formed  after  the  circuit-breaker  trips,  is  blown  out  with  a  noise 
resembling  the  report  of  a  pistol. 


Fig.  3. 

To  reset  the  circuit-breaker,  the  switches  in  series  with  it  are 
opened,  the  old  fuse  stick  replaced  by  a  new  one,  the  circuit- 
breaker  closed,  and  last  of  all  the  switches.  This  form  of  cir- 
cuit-breaker has  given  excellent  results  on  both  2200  volts  and 
11,000  volts.  A  time  element  relay  is  shown  in  Figure 
2,  which  is  used  on  the  overload  apparatus,  the  retarda- 
tion being  accomplished  by  a  train  of  clockwork  operated  by  an 


Digitized  by  VjOOQIC 


1901.] 


DISTRIBUTION  OF  RECEIVED  CURREA'TS. 


188 


ordinary  spring.  The  brake  on  the  clock  train  (which  is  nor- 
mally at  rest)  is  released  by  either  of  the  two  magnets,  one 
being  connected  to  the  secondary  of  a  transformer  in  series  with 
phase  No.  1,  and  the  other  similarly  connected  to  phase  No.  2, 
the  diagram  showing  the  connections  for  a  two-phase  circuit. 
Variation  of  the  time  limit  is  accomplished  by  changing  the 
angle  of  the  air  paddles  on  an  axis  normal  to  the  spindle  driving 
them. 


Figure  3  shows  a  third  type  of  switch  which  may  be  operated 
by  air,  controlled  by  a  rfelay  or  by  any  other  agency,  and  con- 
Bista  simply  of  a  U-shaped  copper  rod  connecting  two  brass 
cylinders,  with  spring  sockets,  tilled  with  oil.  When  the  XJ- 
shaped  rods  are  withdrawn  from  the  copper  receptacles  at  the 
bottom  of  the  cylinders  the  arc  is  broken  in  oil  in  two  places. 
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The  cut  illnstrates  the  separation  of  the  phases  by  meaus  of 
brick  partitions,  so  that  in  case  of  fail  are  a  short-circuit  cannot 
take  place.  These  switches  have  also  given  excellent  results  on 
all  pressures. 

It  is  quite  obvious  that  any  sub-station  supplied  from  two 
cables  in  multiple  through  overload  circuit-breakers,  is  thoroughly 
protected  from  damage  due  to  failure  of  the  apparatus  in  itself, 
but  a  few  moments'  consideration  will  also  show  that  it  is  not  pro- 
tected from  a  shuf-down  due  to  one  of  the  cables  supplying  it 
becoming  defective,  and  thereby  causing  the  second  cable's  cir- 
•  cuit-breakers  to  trip,  from  current  supplied  through  them  to  the 
short-circuit  in  the  cable.  To  obviate  this,  the  reversed  current 
circuit-breaker  has  been  devised,  and  the  connections  are  shown 
in  Figure  4.  The  circuit -breaker  proper  is  of  the  same  type  as 
those  shown  in  Figures  1,  2  and  3,  but  the  novelty  lies  in  the 
means  of  tripping  it.  The  relay  consists  of  a  small  direct  cur- 
rent fan  motor  having  laminated  fields  and  armature,  the  arma- 
'ture  circuit  receiving  current  from  the  secondary  of  a  trans- 
former connected  in  series  with  one  of  the  phases  of  one  cable, 
the  fields  receiving  current  from  a  small  constant  potential  trans- 
former connected  to  the  same  phase.  The  armature  shaft  car- 
ries an  arm  whose  play  is  limited  between  two  stops,  one  of 
which  is  connected  to  the  tripping  coil  of  the  circuit-breaker, 
the  other  stop  being  blank.  Normally  with  these  connections 
the  torque  exerted  upon  the  armature  is  in  such  a  direction  that 
the  contact  arm  attached  to  the  armature  shaft  is  strongly  pulled 
against  the  blank  stop,  a  spring  assisting  in  this  pull. 

Suppose  that  a  short-circuit  comes  on  No.  I  cable,  the  con- 
ditions are  now  radically  changed  ;  the  normal  flow  of  current 
into  the  bus  bars  from  both  cables  no  longer  exists,  for  No.  2 
cable  will  now  be  feeding  current  into  the  short-circuit  in  No.  1 
cable  through  the  bus  bars  and  circuit  breakers  of  No.  1,  thereby 
reversing  the  direction  of  the  flow  of  energy  in  the  armature 
circuit  of  its  relay,  and  as  the  field  remains  the  same  as  before, 
the  contact  arm  swings  over  rapidly,  completing  the  local  cir- 
cult  and  tripping  the  circuit-breakers,  leaving  the  sub-station  bus 
bars  connected  to  the  good  cable  only.  The  same  action  will 
take  place  at  all  the  substations  to  which  this  cable  may  be  con- 
nected, and  finally  the  overload  circuit-breakers  in  the  Terminal 
House  will  cut  out  the  faulty  cable  entirely. 
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The  five  cables  shown  in  Fig.  5,  connecting  the  Terminal  House 
with  the  sub-stations  are  all  of  the  3-conductor  tjpe,  that  is,  have 
three  000  b.  &  s.  gauge  coppar  cables  separately  insulated  under 
one  lead  covering,  the  three  insulated  conductors  being  twisted 
into  a  rope,  and  the  interstices  filled  with  jute  yams  to  give  an 
even  round  surface  for  the  lead  to  rest  on. 

Three  of  these  cables  are  insulated  with  a  wall  of  9/82'^  rubber 
mixture  having  30  per  cent,  of  pure  Para  rubber ;  one  has  a  wall 
of  i''  rubber  mixture  with  40  per  cent,  pure  Para,  and  the 
fifth  cable  has  on  each  conductor  13/64''  paper,  and  around  the 
three  insulatedconductorsan  additional  belt  of  13/64''  paper.  All 
the  cables  have  a  lead  jacket  ^"  thick,  over  all,  the  outside 
diameter  of  cables  being  approximately  2f  for  the  rubber  and  2f 
for  the  paper. 

Experience  with  the  first  four  cables  seems  to  indicate  that  a 
rubber  insulated  cable  with  9/32''  wall,  30  percent,  pure  Para,  is 
perfectly  reliable  for  11,000  volts,  but  that  J"  insulation  even 
with  a  higher  percentage  of  pure  Para  is  not. 

The  18  miles  of  paper  insulated  cable  having  only  recently 
been  installed,  no  conclusions  can  be  drawn  with  safety,  but  as 
there  are  about  30  miles  of  the  rubber  covered  cables  which  have 
been  installed  for  from  two  to  three  years,  the  above  conclusions 
would  SQjem  to  be  drawn  from  experience  with  a  suflicient 
amount  of  cable  to  justify  confidence  in  its  reliability. 

In  the  sketch  showing  the  cable  system  it  will  be  noticed  that 
at  several  points  ^^  oil  switches"  are  indicated  ;  these  are  installed 
in  water-tight  iron  boxes  in  the  manholes,  in  such  positions  as 
to  break  the  cables  into  sections  of  about  one  mile  in  length,  so 
that  in  the  event  of  trouble  the  fault  may  be  readily  localized 
and  the  bad  section  switched  off  in  the  manholes  without  inter- 
fering with  the  rest  of  the  cable. 

Glazed  tile  conduits  are  used,  and  have  proved,  when  dry,  to  be 
an  effectual  safeguard  against  electrolysis,  the  only  cases  of  trouble 
from  the  latter  having  occurred  in  manholes  in  which  the  cables 
were  submerged  in  water.  Considerable  trouble  was  caused  for 
a  time  by  the  breaking  down  of  the  rubber  near  the  end  of  the 
lead  covering  where  the  cables  were  connected  to  the  switch- 
boards, and  investigation  showed  that  this  was  caused  by  the 
ozone  generated  by  the  static  discharge  taking  place  from  rub- 
ber to  lead,  but  this  has  been  overcome  by  wiping  on  a  large 
brass  cable  head  to  the  lead  sheath  and  thus  greatly  increasing 
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the  distance  between  mbber  and  grounded  sheath,  the  cable  head 
being  filled  with  insulating  compound  ponred  in  hot,  a  hard 
rabber  separator  keeping  the  rubber  covered  conductors  away 
from  the  brass  whilst  the  compound  was  solidifying.  Reference  to 
the  diagram  Fig.  5,  will  show  that  a  further  precaution  has  been 
taken  at  the  two  most  important  sub- stations,  Kos.  1  and  3,  to 
prevent  interraption  due  to  cable  trouble,  viz.,  to  ran  loops  from 
all  cables  into '  them  instead  of  taps.  By  this  means,  if  a  fault 
should  simultaneously  develop  in  a  section  of  one  cable  between 
these  stations  and  in  a 'section  beyond  either  of  them,  cross-con- 
nections can  be  made  very  rapidly  and  easily,  by  means  of  which 
no  cable  will  be  overloaded  for  more  than  the  short  period  neces- 
sary to  make  these  cross-connections. 

To  sum  up :  The  means  adopted  for  protection  to  the  dis- 
tributing system  are : 

L  Time  element  overload  circuit-breakers. 

2.  Reversed  current  circuit- breakers. 

3.  Sectioning  switches  in  manholes.  . 

4.  Loop  switches  in  principal  sub-stations. 

CONVEESION. 

The  11,000-volt  26-cycle  three-phase  current'  distributed  to 
the  seven  sub-stations  in  Buffalo  is  manifestly  uniit  for  use  in 
the  supply  of  power  or  light  without  transformation  in  the  for- 
mer and  conversion  in  the  latter  case,  as  25-cycle  is  much  too 
low  a  frequency  for  arc  lighting,  which  promises  to  displace 
incandescent  lamps  to  a  great  extent  in  the  near  future. 

In  discussing  the  various  means  employed  to  make  this  power 
available  to  the  customer,  we  will  begin  with  the  simplest  and 
then  proceed  to  .the  more  complex.  The  simplest  and  most 
efficient  method  is  evidently  to  reduce  the  pressure  by  means  of 
static  transformers  of  large  capacity  and  high  efficiency,  and  de- 
liver three-phase  2200- volt  current  to  the  various  customers  by 
means  of  a  secondary  network  of  cables.  This  is  done  in  sub- 
stations Nos.  1,  2  and  3,  where  2200-volt  three-phase  current  is 
delivered  by  underground  and  overhead  cables  to  customers  for 
use  in  malt  houses,  grain  elevators,  machine  shops,  dry  docks, 
bakeries,  tanneries  and  all  sorts  of  manufacturing  establishments 
to  the  extent  of  about  4,000  h.p.  This  power  is  utilized  in  the 
above  places  chiefly  by  means  of  induction  motors,  some  of 
which  receive  the  current  directly  at  2200  volts,  but  in  the  ma- 
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jority  of  cases  at  a  reduced  pressure  of  440  or  220,  the  reducing 
transformers  being  supplied  by  the  customer.  For  grain  eleva- 
tors, in  which  a  large  amount  of  fine  dust  of  an  explosive  nature 
is  present,  the  induction  motor  presents  an  ideal  solution  of  the 
power  problem  as  the  safety  and  controlling  devices  can  be 
located  in  a  separate  building,  so  that  no  spark  can  cause  an 
explosion  or  fire.  The  efiSciency  of  transformation  with  this 
system  is  evidently  that  of  the  transformers  only,  which  in  sizes 
of  250  K.w.  and  upwards  is  from  97.5  to  98.3  per  cent,  at  full 
speed. 

The  largest  user  of  power  in  Buffalo  is  the  International  Trac- 
tion Company,  which  receives  a  total  of  7000  h.p.  in  five  sub- 
stations, No.  1,  Cold  Springs,  Walden  Avenue,  Eagle  and  Jeffer- 
son streets,  and  Elk  and  Seneca  streets,  where  the  power  is 
distributed  to  their  550-volt  direct  current  feeders  after  being 
transformed  from  11,000  volts  to  375  volts  and  converted  in 
rotary  converters  to  600-volt8  direct  current. 

An  interesting  comparison  is  the  relative  efficiencies  and  cost 
of  static  transformers  and  rotary  converters  as  against  motor 
generators  receiving  the  11,000-volt  current  direct  into  the 
motor,  and  converting  it  into  600- volt  direct  current  by  means 
of  a  generator  coupled  to  the  same  shaft,  and  is  given  in  the  fol- 
lowing table : 

Efficiencies  :    200  k.w.  Units. 


Transformer 

Rotary 

Combined 

Motor 

Generator 

Combined 

tuU  load 
}i  load. 
J^load. 

97-5 
97. « 
96.0 

93.0 

9».5 
90.0 

93.67 
89.81 
86.10 

95 
94 
9a 

9» 
9« 
88.5 

87.4 
85.54 
8..4a 

From  the  above  table  it  will  be  seen  that  the  transformer 
and  rotary  converter  give  3. '27  per  cent,  at  full  load,  4.27  per 
cent,  at  three-quarter  load  and  4.98  per  cent,  at  one-half  load 
better  efficiency  than  the  motor  irenerator  set. 

The  investment  shows  a  saving  in  favor  of  transformers  and 
rotary  converters  of  about  19  per  cent.,  so  that  for  purposes 
such  as  railroad  work,  where  no  great  refinement  of  regula- 
tion is  required,  the  rotary  is  beyond  doubt  the  best  and  most 
economical. 

A  view  of  a  sub-station  is  given  in   Fiir.  6,  which  is  typical 
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of  all;  the  incoming  current  enters  a  three-pole  oil  switch, 
which  is  known  as  an  emergency  switch;  and  from  there 
branches  to  several  oil  switches,  each  of  which  controls  the 
primaries  of  three  150  k.  w.  static  air-blast  transformers  con- 
nected in  delta;  the  secondaries,  also  delta-connected,  go  direct 
to  the  collector-rings  of  a  400  k.  w.  rotary  converter,  so  that 
the  three  static  transformers  and  rotary  converter  form  one 
unit,  being  in  fact  started  from  the  direct-cnrrent  end  and 
synchronized  by  means  of  small  potential  transformers  on  the 
11,000- volt  primaries. 


Fio.  6. 

To  provide  for  the  emergency  of  a  total  shutdown  of  the 
power  circuits,  those  sub-stations  which  have  no  storage  battery 
auxiliary  from  which  direct  current  may  be  got  for  starting 
the  rotaries,  a  small  motor  generatoi  set  is  installed,  consisting 
of  a  30  H.  p.  induction  motor  direct-connected  to  a  20  k.  w. 
600-volt  direct-current  generator.  This  set  is  supplied  with 
alternating  current  by  means  of  a  three  phase  oil-cooled  trans- 
former, reducing  the  pressure  from  11,000  to  376  volts;  as 
soon  as  the  power  is  on  the  cables  the  induction  motor  is 
started,  the   small  direct-current  generator  is  connected  to  the 
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bus-bars  and  one  of  the  rotaries  started  and  synchronized  in 
the  usual  way,  after  which  the  motor  generator  set  is  shut 
down  and  the  remaining  rotaries  started  from  the  first.  From 
the  five  sub-stations  distributing  power  to  the  direct-current 
feeders  great  economy  of  distribution  is  obtained  and  an  equality 
of  pressure  at  practically  every  point  of  the  system,  which  would 
be  practically  impossible  with  a  single  plant  with  550-volt 
feeders  covering  the  same  distance.  Storage  batteries  are 
installed  at  Sub-stations  Ho.  1,  Cold  Springs  and  Eagle  and 
Jefferson,  having  a  total  capacity  for  \\  hours  of   2,400  h.  p. 


Fio.  7. 

at  575  volts.  They  are  used  principally  to  help  carry  the  peak 
load  between  5  p.  m.  and  6.30  p.  m.  and  to  take  up  part  of 
the  extreme  fluctuations  of  load  through  differentially  wound 
boosters. 

We  now  come  to  the  last  and  most  interesting  plant  con- 
nected to  the  transmission  system  in  Buffalo,  viz.,  that  of  the 
Buffalo  General  Electric  Company,  the  transformer-house  of 
which  is  marked  '*  Sab-station  No.  3  *'  on  the  sketch  showing 
cable  system,  in  which  4,000  h.  p.  is  received  from  the  power 
company,  and   after   being   transformed    to    3G0   volts   is   con- 
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verted,  by  means  of  motor  generator  sets,  rotaries,  e*c.,  inta 
four  different  kinds  of  service — constant  continuous  current 
for  street  arc  lighting,  60-cycle  quarter-phase  current  for  incan- 
descent and  arc  lighting  in  the  more  remote  districts,  three- 
wire  220- volt  continuous  current  for  the  down- town  district, 
and  550-volt  continuous  current  for  power  to  motors,  eleva- 
tors, etc. 

The  transformer-house,  built  as  an  annex  to  the  main  station, 
has   twelve   250  k.  w.  transformers,  reducing   the   three-phase 


Fig.  8. 

11,000- volt  current  to  three-phase  360  volts.  The  transformers  [see 
Fig.  7]  are  arranged  in  two  rows  instead  of  three  as  usually  in 
order  to  facilitate  the  rapid  exchange  of  one  in  case  of  trouble^ 
By  arranging  them  in  this  way  the  transformer  has  only  to  be 
raised  half  an  inch  by  the  hand-crane  and  then  run  out  of  the 
way  to  make  room  for  the  spare  one,  an  operation  requiring 
only  an  extremely  short  period  compared  to  that  necessary  to 
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lift  the  transformer  over  the  others.  The  transformers  stand 
over  a  brick  air  chamber  30'x9'x7'  high,  into  which  three  2 
H.  p.  induction  motors  direct-connected  to  air- blowers  force  cool 
air,  giving  an  even  pressure  of  about  half  an  ounce  in  all  parts 
of  the  chamber.  Access  is  had  to  the  air-chamber  through 
double  air-tight  doors,  so  that  a  man  can  work  on  the  terminals 
or  connect  up  a  new  group  without  interfering  in  any  way  with 
the  air  supply.  Iron  shelves  on  the  outside  of  the  brick  walls 
of  the  air-chamber  form  supports  for  the  primary  cables  leading 
to  the  switchboards  on  the  one  side  and  for  the  secondaries  on 


Fig.  9. 

the  other,  giving  wide  separation  for  safety,  similar  to  those  in 
Fig.  8. 

The  transformers  are  connected  to  the  primary  and  secondary 
switchboard  panels  by  rubber  insulated  and  lead  covered  cables ; 
each  transformer  is  wired  single-phase  to  the  panels,  the  delta 
connection  being  made  after  parsing  through  spring  expulsion 
type  aluminium  fuees  on  the  primary  side,  and  ordinary  long 
break  aluminium  fuses  with  barriers  on  the  secondary  side,  so 
that  in  the  event  of  a  transformer  burning  out  it  will  cut  itself 
out  of  circuit  without  affecting  the  other  two  of  the  same  group. 


Digitized  by  VjOOQIC 


1901.]  DISTRIBUTION  OF  BECEIVED  CURRENTS.  148 

The  secondary  current  after  going  through  the  usual  recording 
and  indicating  instruments,  terminates  in  three  heavy  copper  bus 
bars,  extending  the  full  length  of  the  secondary  board,  to  which 
are  attached  the  cables  bringing  the  current  .into  the  main  build- 
ing of  the  Buffalo  General  Electric  Company. 

In  adopting  the  secondary  voltage  of  360,  a  number  of  points 
were  taken  into  consideration,  the  principal  one  being  that  a 
large  and  healthy  day  load  in  550- volt  direct  current  motors  was 
being  supplied  at  the  time  steam  was  used  fer  motive  power,  and 
could  not  well  be  discontinued,  so  that  voltage  was  adopted 
which  would  permit  of  rotaries  being  run  without  any  further 
transformatioQ.  This  pressure  besides  being  very  safe  for  cables 
and  motors,  is  a  very  economical  one  to  build  for,  as  it  permits 
of  the  use  of  bar  ^vinding  on  all  sizes,  and  as  all  motors  are  of 
the  revolving  field  type,  the  question  of  carrying  heavy  current 
in  the  collector  rings  was  left  out.  The  only  additional  cost  due 
to  the  low  pressure  was  in  the  cables  within  the  plant,  and  this 
was  more  than  balanced  by  the  saving  in  a  further  transforma- 
tion for  the  550-volt  rotaries  and  in  the  additional  safety  of  bar 
winding  versus  wire. 

The  powerhouse,  Fig.  9,  is  a  building  91'x91',  having  a  row  of 
columns  down  the  center,  each  half  of  the  building  being  spanned 
by  a  crane  traveling  the  full  length  with  transfer  points 
from  one  crane  to  the  other. 

In  this  building  having  8281  square  feet  of  floor  surface  are 
installed  6460  h.  p.  in  motors,  6073  in  generators,  and  600  h.  p. 
in  rotaries,  a  total  of  13,133  h.  p.  in  electrical  machinery,  giving 
a  floor  space  of  0.63  square  foot  per  h.  p.  or  1.24  square  feet  per 
H.  p.  of  generating  capacity,  including  all  regulating  apparatus, 
switchboards,  etc. 

Apparatus  fob  Street  Arc  Lighting. 

At  the  present  day  if  the  problem  of  arc  lighting  for  street 
purposes  with  25-cycle  three-phase  current  supplied,  were  to  be 
placed  before  an  engineer,  several  methods  of  solution  would 
suggest  themselves  in  the  following  order :  1st,  rectifiers ;  2d, 
motor  generator  sets,  converting  to  60  cycles  constant  potential 
with  some  form  of  transformer  or  reactive  coil  to  regulate  for 
constant  current;  3d,  motor  generator  set  converting  to  con- 
stant continuous  current ;  4th,  motor  generator  set  converting 
to  constant  alternating  current  with  series  transformers  and  con- 
densers. 
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The  fall  load  efficiencies  of  the  four  systems  with  compara- 
tive investments  and  full  power  factors  are  approximately  aa 
follows : 


1 

Rectifien. 

88 
63 
70 


Motor  Generators 
6o  Cycle. 

88.d4 
100 
100 


8 

Motor  Generators 
Constant  O.  C. 

78.9 
94 
100 


Motor  Generators 
Constant  A.  C. 

SS.OjK  Efficiency. 
94   %  InTestment. 
100  ^  Power  Factor. 


From  the  above  table  it  will  be  seen  that  the  rectifier  leads, 
in  all  respects  save  one,  viz.,  power  factor  (the  power  factors- 
given  are  those  of  the  25-cycle  end,  the  receiver  power  factor 


Fig.  10. 

being  of  small  importance),  but  in  a  system  where  the  arc 
lighting  forms  a  considerable  portion  of  the  system  this  is  a 
serious  feature,  especially  with  generators  not  having  good 
inherent  regulation. 

Owing  to  existing  contracts  with  the  city,  the  company  was 
forced  to  adopt  the  third  plan,  but  after  the  expiration  of  the 
present  contract  it  will  probably  adopt  the  fourth  plan,  installhig 
enclosed  a.  c.  lamps. 

The  arc  lighting  equipment  at  present  consists  of  14  motor 
generator  sets,  each  set  consisting  of  one  160  k.  w.  revolving 
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field  type  three-phase  synchronous  motor  direct-coupled  to  two 
125-light  9.6  ampere  Brush  arc  generators,  the  motor  being  in 
the  center,  with  a  generator  on  each  end,  coupled  by  means  of 
a  very  simple  but  efEective  type  of  insulating  coupling,  con- 
sisting of  four  arms  or  spiders  on  the  motor-shaft  and  a  similar 
number  on  the  generator,  compressing  spring  rubber  rolls  3^'' 
in  diameter  by  4f  long  between  them. 

These  motors  are  started  in  a  very  simple  manner.  The 
switchboard  panel,  shown  in  Fig.  10,  controlling  each  motor, 
has  mounted  on  it  one  ammeter,  one   double  pole  field  switch 
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Fig.  11.— Circuita  of  switch  shown  in  Fig.  10. 

with  discharge  resistance  'as  shown  in  sketch,  Fig.  11,  three 
single  pole  double  throw  knife  switches  and  a  rheostat.  The 
fuse  base  is  mounted  on  the  back.  Fastened  to  the  wall  behind 
each  panel  are  the  reactive  coils  for  starting  the  motor. 

To  start  the  motor  the  three  single  pole  switches  are  thrown 
down,  thus  connecting  the  motor  armature  to  the  bus  bars 
through  the  reactive  coils;  the  motor  comes  up  to  full  speed 
in  about  50  seconds,  taking  at  the  start  about  150  per  cent. 
fnlMoad  current.  The  time  of  attaining  synchronism  is  deter- 
mined by  touching  the  blades  of  the  field  switch  connected  to 
the  revolving  fields  on  the  discharge  resistance  clips  and  noting 
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if  any  spark  oecnre.  In  the  absence  of  any,  the  field  switch 
is  closed,  exciting  the  fields  and  the  single  pole  double  throw 
flwitches  turned  up  one  at  a  time  (the  motor  running  single- 
phase  meanwhile). 

The  spark  at  the  discharge  resistance  terminals  is  of  course 
due  to  the  difEerence  in  frequency  or  slip  between  the  impressed 
frequency  and  that  due  to  the  speed  of  the  motor.  At  the  start 
this  gives  about  2,200  volts,  dying  down  in  inverse  ratio  to  the 
speed  attained,  to  zero,  at  synchronism. 


Pig.  12. 


550- Volt  Power  Service. 


The  550-volt  power  service  is  supplied  from  rotary  converters 
[Fig.  12],  in  the  usual  way,  calling  for  no  comment  beyond  the 
method  of  starting  from  the  a.c.  end  which  is  done  in  exactly  the 
same  way  as  in  the  synchronous  motors  ;  the  fields  being  statio- 
nary, a  multiple  blade  switch  is  mounted  on  the  frame  of  the 
machine  to  isolate  each  field  winding,  and  thus  break  up  the  in- 
duced E  M.F.  at  starting. 
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CO-Cycle  System. 

Three  500k.w.  three-phase  synchronous  revolving  field  type 
motors  direct  connected  to  500  k  w.  revolving  field  2200- volt 
quarter  phase  generators,  furnish  the  current  for  this  system. 
The  feeders  are  connected  to  double  throw  oil  switches,  so  that 
they  can  be  thrown  from  one  phase  to  the  other  to  balance  up 
the  load,  a  further  control  of  the  voltage  being  obtained  by 
means  of  regulators  on  each  phase.     Some  rather  unusual  prob- 
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lems  presented  themselves  in  synchronizing  these  60-cycle  gen- 
erators. The  motors  having  eight  poles  and  the  generators 
20,  it  is  evident  from  the  sketch,Fig.  13,  that  only  every  fifth  pole 
of  the  motor  will  be  the  proper  point  to  lock  at.  At  first  it  was 
supposed  that  by  opening  the  field  switch  on  the  motor  that  it 
would  slip  a  pole  when  the  generator  field  was  excited,  and  the 
whole  iron  losses  acted  as  load,  but  the  voltmeter  showing  the 
resultant  voltage  between  the  bus  bars  and  the  ingoing  genera- 
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tor  refused  to  move.  The  synchronous  motor  was  too  good  a 
hysteresis  and  reaction  motor,  but  the  solution  was  found  in  put- 
ting in  a  reversing  field  switch  on  the  motor,  thus  causing  it  to 
slip  a  pole  on  each  reversal.  The  inner  circle,  shown  in  Fig.  13, 
represents  the  motor  poles,  and  the  outer  the  generator.  If  the 
generator  carrying  load  has  its  poles  in  the  position  1,1,  at  the 
moment  the  field  switch  on  the  motor  about  to  go  into  service 
is  closed,  and  the  latter  locks  with  1,  1,  in  the  position  of  4,  it 
is  evident  that  we  must  reverse  the  motor  fields  several  times  in 
order  to  make  it  slip  back  to  position  3,  then  2,  and  finally  1. 
Whilst  the  position  3,  6,  has  a  similar  relation  to  the  generator 
pole,  to  that  of  1,1,  yet  the  polarity  is  reversed  on  the  generator  so 
that  unless  we  reverse  the  generator  field  also,  the  motor  must 
be  made  to  slip  to  position  1,  1.  Another  peculiar  feature  was 
that  supposing  the  bus  bar  voltage  and  that  of  the  ingoing  ma- 
chine to  be  the  same,  and  the  machines  apparently  in  phase,  if 
thrown  together  the  ingoing  machine  would  not  take  more  than 
a  small  fraction  of  the  load,  and  no  change  of  field  strength  of 
either  motor  or  generator  had  any  effect,  beyond  making  the 
generator  carry  idle  current,    " 

We  have  here  the  peculiar  combination  of  double  synchronism, 
with  mechanical  connection  beside8,8o  that  either  machine  may  act 
as  motor  or  generator  according  to  conditions.  The  explanation 
is  as  follows : 

The  motor  carrying  the  load  sags  behind  a  few  degrees  of 
phase,  carrying  with  it  the  generator,  but  the  latter  having  2.5 
times  the  number  of  poles  of  the  motor,  any  sag  of  the  motor 
is  multiplied  by  2.5,  thus  causing  a  difference  of  phase  between 
the  loaded  generator  and  the  unloaded  one  great  enough  to 
render  division  of  load  impossible.  Increasing  the  field  strength 
of  the  light  generator  merely  results,  under  these  conditions, 
in  the  unloaded  generator  supplying  idle  cross  current  out  of 
phase  with  the  bus  bar  current,  and  therefore  not  putting  load 
on  its  own  motor.  Manipulation  of  the  motor  field  rheostats 
can  evidently  accomplish  nothing  to  bring  the  generators  into 
phase. 

The  solution  is  a  rather  startling  one,  and  is  found  in  the 
use  of  oscillating  currents.  The  in-going  generator  is  excited 
to  such  a  degree  that  the  resultant  voltage  from  it  and  the  bus 
bars  is  equal  to  the  latter;  this  means  at  half  load  on  one, and 
the  other  light,  an  increase  of  4  per  cent,  in  voltage,  indicating 
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a  phase  angle  difference  of  about  23.5  in  the  generators  and  9^ 
sag  in  the  motor.  The  niotor  fields  are  weakened  and  the  un- 
loaded generator  thrown  on  the  bus  bars.  Owing  to  the  dif- 
ference of  voltage  and  phase,  the  sadden  closing  of  the  circuit 
establishes  strong  oscillatory  currents  between  the  generators; 
these  are  transmitted  mechanically  to  the  motors  and  repeated, 
the  amplitude  gradually  decreasing  from  a  maximum  value  of 
100  per  cent,  full-load  current  to  zero  as  the  equilibrium  of 
the  circuit  is  established.  The  whole  time,  from  the  moment 
of   putting  the  unloaded  generator  into  multiple  to  the  disap- 


Fio.  14. 

pearance  of  the  oscillations,  is  usually  about  45  seconds,  during 
which  the  field  strengths  of  the  generators  and  motors  are 
rapidly  equalized,  and  the  load  will  be  found  to  be  perfectly 
divided  between  the  two  generators,  the  mechanical  oscillations 
having  resulted  in  the  only  stable  equilibrium  possible  under 
the  conditions. 

Exciters. 

Before  the  installing  of  the  storage  battery  it  was  necessary 
to  have  some  quick  means  of  getting  continuous  current,  to 
determine  the  polarity  of  the   rotary  converters  and  energize 
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the  fields  of  the  synchronous  motors  in  case  of  a  shut-down 
on  the  power  circuits,  and  for  this  purpose  two  exciter  sets 
consisting  of  30-h.  p.  induction  motors  direct-connected  to  20- 
K.  w.  125-volt  continuous-current  generators  were  installed. 
Since  the  installation  of  the  battery,  all  the  exciting  current  is 
taken  from  it  during  the  period  of  heavy  load,  for  two  reasons ; 
first,  to  reduce  the  peak  load ;  second,  to  automatically  maintain 
an  almost  constant  power  factor  of  98  per  cent,  leading,  on  the 
total  load  of  the  plant,  due  to  the  Edison  load  increasing  (and 
bus  bar  pressure  increasing  correspondingly)  simultaneously  with 
the  other  station  load  and  thus  giving  increased  o.  £.  m.  f.  in 
the  motors. 


Fic;.  15. 

Edison  System. 

There  are  evidently  two  ways  of  converting  three-phase  25- 
cycle  current  into  120  to  150-volt  continuous  current,  one  being 
by  means  of  transformers  with  rotary  converters,  and  the  other 
with  motor  generator  sets. 

A  comparison  of  the  net  efficiency  of  both  systems  for  200- 
K.  w.  units  is  given  in  the  following  table,  the  rotary  including 
in  its  circuit  some  form  of  regulators  capable  of  varying  the 
voltage  25  per  cent. : 
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Full  load 

Three-quarter  load.. 
Half  load 


Motor 
Generator. 

87.40 

85.54 
81.42 


Transformers 
and  Rotarics. 

89.87 
88.70 
84.90 


Difieiencc. 

2.47 
3.16 
8.48 


Owing  to  the  additional  regulating  apparatus  necessary  with 
the  rotaries,  the  first  cost  in  either  case  is  practically  the  same. 

From  the  above  efficiencies,  rotaries  would  seem  to  be  indi- 
cated as  the  best  choice,  but  in  an  extensive  power  transmission 
scheme  where  nearly  50  per  cent,  of  the  load  is  used  for  railroad 
purposes,  and  the  generators  have  a  comparatively  poor  inherent 
regulation  to  enable  them  to  withstand  safely  severe  short  circuits 
on  the  lines,  rotaries  have  had  to  be  abandoned  for  this  service, 


Fig.  1«. 

every  Anctuation  of  the  line  potential  being  reproduced  on  the 
direct  current  side.  Two  100  k.w.  rotaries  were  installed,  but  addi- 
tions have  been  made  to  the  system  only  in  motor  generator  sets, 
two  of  which  are  installed,  the  first  of  which  is  a  direct  con- 
nected set  consisting  of  a  425  k.w.  motor  coupled  to  two  200  k.w. 
generators,  [Fig.  14],  having  a  very  wide  range  of  voltage  to 
permit  of  charging  the  battery  direct  without  the  intermediary 
of  a  booster;  the  second,  now  being  installed,  is  an  850  k.w* 
motor  direct  coupled  to  two  400  k.w.  generators. 
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A  150  K.w.  booster  set  consisting  of  a  synchronooB  motor 
coupled  to  two  direct  current  boosters  is  used  for  charging  pur- 
poses, and  for  carrying  long  feeders.  The  storage  battery  has  a 
capacity  for  one  and  a  half  hours  of  6000  amperes  at  150  volts, 
[Fig.  16],  there  being  75  cells  on  each  side  of  the  system  with  two 
20  point  end  all  switches  [Fig.  15],  on  each  side  to  give  control  of 
the  pressure  under  varying  load. 

A  peculiar  point  observed  is  that  a  motor  generator  set  and 
rotaries  operating  in  multiple  on  the  direct  current  side,  tend  to 
regulate  one  another,  with  varying  speed,  for  constant  potential. 
The  rotary  being  practically  independent  of  speed ;  a  fall  of 
speed  or  frequency  on  a  transmission  system  having  a  large 
amount  of  inductance  reduces  the  reactance,  and  a  rise  in  speed 
increases  the  latter  so  that  but  for  changes  in  the  impressed 
voltage  the  rotary  should  give  the  best  results  on  a  system  driven 
from  water  power  in  which  the  governors  must  of  necessity  be 
sluggish.  The  motor  generator,  on  the  other  liand,  is  indepen- 
dent of  changes  in  impressed  voltage,  but  sensitive,  especially 
with  undersaturated  fields,  to  change  of  speed. 

In  concluding  this  paper  the  author  wishes  to  express  his  ob- 
ligations to  the  American  Electrician  for  permission  to  use  cuts; 
to  Mr.  P.  F.  Sellers  of  the  Cataract  Power  and  Conduit  Co.,  for 
outline  drawings,  and  to  Mr.  Q.  A.  Harvey  of  the  General  Elec- 
tric Co.  for  photographs. 

Much  matter,  which  could,  under  a  strict  construction  of  the 
title,  have  been  put  in  has  been  left  out,  and  matter  which  in  the 
author^s  opinion  is  more  interesting  and  practical  substituted. 
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DISCUSSION. 

Mb.  Gang  S.  Dunn:— The  portion  of  the  paper  referring  to 
the  use  of  rotary  converters  and  motor  generators  was  particu- 
larly interesting  to  me,  because  of  some  recent  interest  I  have  had 
in  that  matter.  I  notice  on  page  138,  near  the  bottom,  that  after 
giving  the  different  eflSciencies  of  these  two  arrangements  for 
transformation,  Mr.  Stott  gives  the  diflEerence  in  first  cost  as 
about  19  per  cent.  Now,  two-phase  rotary  converters  have  an 
increased  capacity  over  the  corresponding  direct  current  genera- 
tor, and  three-phase  machines  a  still  greater  increase,  and  my 
f  gores  have  led  me  to  believe  that  the  difference  in  cost  between 
motor  generators  and  rotaries  even  on  the  two  phase  basis  is 
greater  than  19  per  cent.  I  should  like  to  ask  Mr.  Stott  what 
was  the  mechanical  arrangement  of  the  motor  generators  on  which 
that  cost  was  figured.  Was  it  simply  a  motor  coupled  to  a  gen- 
erator, or  were  two  armatures  on  one  shaft  supported  by 
only  two  bearings  instead  of  four,  and  were  there  any  other 
features  that  would  throw  light  on  the  small  increase  in  cost 
relatively  to  the  rotary  conv^erters? 

Me.  Stott: — In  reference  to  the  small  diflEerence  of  cost,  I 
should  say  that  all  this  work  is  three-phase  work,  and  that  the 
price  of  rotaries  include  static  transformers,  whereas  the  price  of 
motor  generators  does  not. 

After  leaving  the  transformer  house  at  Niagara  Falls  every- 
thing is  three-phase  from  there  onwards.  The  diflEerence  of  cost 
was  taken  from  actual  figures,  and  I  do  not  know  exactly  what 
to  ascribe  it  to  unless  that  the  speed  of  the  rotary  converter  was 
comparatively  low,  and  the  comparison  probably  would  have 
come  out  more  even,  or  rather  a  greater  diflEerence,  had  the 
speeds  been  more  alike ;  that  is  to  say,  the  speed  of  the  rotary 
converter,  as  I  remember,  was  lower  than  that  of  the  motor  gen- 
erator set. 

Mb.  Calvin  W.  Rice  : — I  would  like  to  ask  if  any  data  have 
been  obtained  in  these  experiments  on  the  watts  lost  per  duct 
foot  in  multiple  duct  construction  ? 

Mb.  Stott  : — In  reference  to  Mr.  Rice's  question,  that  is  not 
one  that  is  taken  up  in  this  paper,  and  I  cannot  answer  that 
question  off-hand,  but  a  great  number  of  experiments  were  car- 
ried on  at  Niagara  Falls,  the  results  of  which  I  have  not  with  me 
to-night,  but  i  know,  speaking  from  memory,  it  came  out  that 
when  the  ducts  were  in  a  greater  number  than  25,  and  were  all 
filled  with  cables,  that  is  to  say,  three-conductor  three-phase 
cables,  that  it  became  almost  impossible  to  get  rid  of  the  heat 
without  some  special  means  of  ventilation.  The  test  was  made 
on  conduits  as  actually  laid  with  wires  pulled  through  them,  and 
run  up  to  a  temperature  corresponding  to  what  the  dissipation  of 
heat  would  have  been  with  a  three- conductor  2200-yolt  cable, 
and  for  that  reason  instead  of  supplying  a  large  factory  near  the 
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power  house  at  2200  yolts  it  was  decided  on  the  strength  of  those 
experiments  to  supply  them*  at  11,000  volts  to  get  rid  of  this 
loss  of  energy  in  tne  cables.  I  am  sorry  I  have  not  got  the 
fignres. 

Mr.  Rice  : — I  would  like  to  ask  if  in  practical  operation  you 
run  paper  cables  at  a  higher  temperature  than  yon  do  rubber  ? 

Mk.  Stott: — The  paper  cables  have  only  just  been  put  in. 
They  only  went  into  operation  about  a  month  ago,  so  that  they 
have  not  been  forced  at  all. 

Mr,  C.  p.  Steinmbtz  : — I  would  like  to  ask  Mr.  Stott  whether 
with  the  types  of  switches  employed  in  the  different  stations, 
the  open  air  long  break  switch,  and  the  oil  switch,  he  has  noticed 
any  difference  in  the  action  of  those  switches  on  the  circuit,  that 
is,  whether  sometimes  one  switch  is  more  liable  to  cause  rupture 
of  the  cable  than  the  other,  if  such  rupture  occurs  at  all. 

Mr.  Stott  : — I  do  not  believe  that  there  has  been  enough  dif- 
ference in  the  behavior  of  these  switches  to  really  be  notice- 
able ;  that  is  to  say,  these  interruptions  to  the  cables  have 
usually  happened  during  the  time  tne  cable  was  in  service,  and 
not  at  the  time  of  the  interruption  of  the  circuit.  There  is  one 
point  we  noticed  in  cables  breaking  down,  that  the  breakdowns 
almost  invariably  came  from  one  to  three  days  after  an  interrup- 
tion. That  is  to  say,  the  current  had  been  thrown  on  that  cable 
at  full  pressure,  and  we  were  afraid  that  some  resonant  effects 
had  taken  place,  because  an  examination  of  the  statistics  of 
break-downs  showed  in  almost  every  case  that  the  break -downs 
occurred  from  one  to  three  days  of  the  time  when  the  cables  had 
been  out  of  service  and  had  been  suddenly  put  into  service  at 
full  pressure. 

Mr.  Elias  E.  Ries  : — Mr.  Stott  states  on  page  138  that  the 
largest  user  of  power  in  Buffalo  is  the  International  Traction 
Company,  which  re<:eives  a  total  of  7,f»00  horse  power  in  live 
sub-stations,  which  is  first  transformed  from  11,000  volts  to  375 
volts,  and  then  converted  in  rotary  converters  to  600  volts 
direct  current,  for  supplying  continuous-current  railway  motors. 
I  would  like  to  ask  ilr.  Stott  whether  or  not  the  International 
Traction  Company  has  ever  attempted  to  use  the  alternating  cur- 
rent for  the  direct  operation  of  motors  on  cars  instead  of  first  con- 
verting it  into  direct  current. 

Mr.  Stott: — No ;  that  attempt  has  never  been  made. 

Mr.  Ries  : — At  our  last  meeting  Mr.  Hammer  gave  us  a  de- 
scription of  several  electric  railway  installations  in  Europe  in 
which  the  motors  were  operated  by  alternating  currents,  and  it 
would  be  interesting,  I  believe,  to  the  members  present  to  hear 
of  some  tests  made  in  this  country  with  that  object  in  view. 
Perhaps,  our  friend  Mr.  Steinmetz,  might  be  able  to  enlighten 
us  on  that  subject. 

Mr.  Steinmetz  : — I  can  do  that  very  well,  because  I  have  made 
very  many  tests  on  the  use  of  three-phase  motors  on  railroad 
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cars.  The  first  tests  were  made  in  1894,  running  a  trolley  car 
around  the  factory  yard,  and  we  have  run  the  car  many  times 
since,  and  tried  various  types  of  motors  on  our  experimental 
railroad  track,  and  have  satisfied  ourselves  entirely  that  with  the 
three-phase  motor  on  a  car  you  can  get  a  rapid  acceleration,  you 
can  get  any  starting  torque  you  want,  you  can  do  anything  ;^ou 
want  to  do,  but  the  motor  is  in  its  electrical  and  mechanical 
character,  essentially  a  shunt  motor.  It  has  a  torque  proper- 
tional  to  the  current,  and  independent  of  the  speed  at  constant 
field  excitation.  That  is  to  say,  if  you  want  to  start  you  require 
at  the  moment  of  starting  the  same  current  for  a  given  torque 
as  you  require  when  running  at  full  speed,  and  the  rest  of  the 
power  corresponding  to  reduced  speed  is  merely  wasted  in  the 
rheostat.  Shunt  motors,  continuous  current,  have  been  tried  a 
number  of  times  in  electric  railroad  service,  and  have  always 
failed,  and  that  was  the  reason  why  the  three-phase  railroad 
motor  has  not  been  introduced.  It  is  decidedly  inferior  in  start- 
ing, and  in  rnnnin^  at  low  speed,  and  in  acceleration,  to  the  con- 
tinuous current  series  motor.  Now,  there  is  undoubtedly  a  con- 
siderable advantage  in  the  induction  motor  for  a  railroad  car, 
because  j'on  can  eliminate  the  rotary  converter  and  the  sub- 
stations, and  can  install  stationary  transformer  stations.  It  has 
the  disadvantage  that  you  need  two  trolleys.  There  is  in  exist- 
ence a  double  trolley  road  in  the  [Jnited  states,  and  claimed  to 
be  very  satisfactory,  but  I  do  not  think  that  a  second  one  has 
ever  been  built.  You  can  imagine  how  beautiful  it  would  be  in 
the  center  of  a  city  to  run  a  double  trolley  system.  The  three- 
phase  motor  nevertheless  might  come  in  use  going  from  city  to 
city,  because  there  you  have  no  switches  and  crossings.  You  do 
not  need  to  start  and  stop  so  frequently.  The  only  trouble  is 
these  suburban  roads  always  run  into  a  city,  and  you  do  not  want 
to  damp  the  passengers  at  the  outskirts  of  the  city  and  have  them 
wait  for  the  next  city  car,  as  necessary  if  you  changed  to  direct 
current  and  different  motors  there.  That  is  one  disadvantage  of 
the  three-phase  motor. 

Then  the  three-phase  induction  motor  has  a  power  factor.     In 
railway  service  you  could  not  run  a  thirty-second  of  an  inch  air- 

fp  between  the  rotary  and  the  stationary  member  of  the  motor, 
ou  have  to  have  a  little  more  generous  air-gaps  for  mechanical 
reasons.  The  power  factor  is  some  80  per  cent,  with  the  usual 
induction  motor  air-gap.  You  can  imagine  where  that  power 
factor  goes  to  with  a  larger  air-gap.  That  means  so  much  more 
current  over  the  trolley  line,  not  only  so  much  more  current  but 
lagging  current,  which'  causes  so  much  more  drop  in  the  reactance 
of  the  line  in  addition  to  the  resistance  drop.  In  continuous  cur- 
rent trolley  lines  we  sometimes  have  enormous  drops.  If  you 
have  a  heavy  load  on  the  end  of  a  feeder,  from  500  to  600  volts 
that  you  start  out  with,  the  voltage  may  go  down  even  to  %W  or 
300  volte.    Well,  it  means  the  cars  go  along  slowly,  but  still  they 
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go,  and  they  give  any  torque  yon  want  in  starting.  With  the 
induction  motor,  the  torque  is  proportional  to  the  square  of  the 
voltage.  Hence,  if  you  run  the  induction  motor  trolley  line  at 
600  volts  average  potential,  and  the  voltage  is  300,  the  car  will 
not  start.  You  get  over  that  to  a  certain  extent  by  raising  the 
voltage  on  the  trolley.  But  then  you  have  the  deviation  from 
standard  practice.  Everybody  knows  what  the  550- volt  trolley 
does,  and  nobody  knows  what  the  3,000- volt  trolley  will  do,  ex- 
cept on  paper,  and  on  experimental  lines.  AH  these  diflScul- 
ties  and  objections  of  special  arrangements  and  new  untried 
methods  in  practice  have  to  be  considered.  Still  the  system  would 
be  introduced  if  there  were  any  essential  compensating  advantages. 
Theoretically  yon  can  undoubtedly  see  some  points  wherein  the 
three-phase  road  is  really  superior.  Since  I  experimented  in  1894, 1 
thought,  and  all  my  friends  agreed  with  me,  that  it  would  be 
very  nice  to  install  a  three-phase  railroad  somewhere.  So  I  and 
all  other  railroad  engineers  with  whom  I  am  acquainted  have 
endeavored  to  find  a  place  where  we  really  have  a  reasonable 
excuse  to  install  a  three-phase  railroad.  Once  we  nearly  had 
one,  and  at  present  we  again  see  a  chance  where  we  might  in- 
stall one,  Adhere  there  is  really  a  good  reason  for  using  it,  but  thus 
far  I  have  not  installed  any.  Taking  all  into  consideration,  the 
wide  range  of  speed  and  power  required  in  railroading,  rather 
militates  against  induction  motors,  which  give  full  eflBciency  only 
at  full  speed. 

Still,  there  may  be  special  cases,  and  I  hope  still  to  live  long 
enough  to  find  a  few  where  induction  motors  are  preferable. 
For  instance,  where  you  climb  a  grade  running  up  the  Rocky 
Mountains,  one  side  up  and  the  other  down,  or  anything  of  that 
kind,  where  you  can  give  uniform  speed  running  down  hill,  run- 
ning a  little  above  synchronism,  and  therefore  have  the  induc- 
tion motor  act  as  generator  on  the  down  grade ;  you  have  the 
advantage  that  you  do  not  wear  out  the  brakes.  However, 
the  experience  of  the  Jungfrau  Railroad,  which,  as  you  know, 
was  built  as  a  three-phase  railroad,  was  not  very  favorable.  They 
have  very  few  cars  running,  and  onoe  in  a  while  it  happens  that 
a  oar  was  running  down,  returning  power,  and  no  car  going  up 
to  use  the  power,  and  the  ultimate  outcome  was  that  they  put  in 
some  remarkably  complicated  arrangements  for  electrically  con- 
suming the  pov/er.  But  then  I  fail  to  see  what  advantage  a 
three-phase  current  has  in  this  case. 

It  is  true  in  Europe  there  are  a  number  of  three-phase  railroads  ; 
but  we  cannot  draw  any  analogy  from  that,  for  the  railroad  condi- 
tions are  very  difierent  there.  The  rotary  converter  is  absolutely  un- 
known to  European  engineers.  They  have  never  found  out  what 
that  thing  is.  liotary  converters  are  being  rapidly  introduced  in 
Europe, — but  the  engineers  there  know  nothing  about  them  ex- 
cepting that  they  believe  they  are  no  good.  All  the  converters  there 
are  American  made,  or  made  at  branch  factories  of  American  com- 
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panics,  and  80  where  the  power  for  a  railroad  has  to  be  trans- 
mitted  a  long  distance  as  polyphase  current,  the  rotary  converter 
being  unknown,  the  Europeans  have  used  three-phase  motors  on 
the  car.  Here  in  the  States  the  rotary  converter  was  in- 
stalled and  put  into  commerqial  service,  in  1894,  in  the  early  days 
of  long  distance  transmission,  and  became  so  familiar  to  every- 
body that  when  long  distance  transmission  for  railroads  came  into 
consideration,  the  ordinary  standard  continuous  motor  was  used^ 
and  nobody  was  forced  to  get  up  a  new  system  of  railroad 
motors,  which  offered  no  compensating  advantages,  and  so  the 
three-phase  railroad  motor  has  not  been  introduced  here,  although 
I  hope  we  might  still  see  some  experimental  plants. 

The  President: — Mr.  Steinmetz'  account  was  very  interest- 
ing, but  I  think  he  is  mistaken  in  one  or  two  points.  I  do 
not  think  the  Jungfrau  railroad  is  a  failure.  When  I  visited  it 
last  summer  I  was  told  quite  the  contrary^ ;  the  part  that  is  now 
in  operation  is  paying  excellent  returns  for  the  investment  in 
that  part.  The  company  is,  of  course,  not  paying  any  dividends 
yet,  because  it  is  continuing  the  construction  of  the  road.  The 
constructors  worked  all  the  previous  winter  at  it,  and  this  year  I 
believe  they  intend  to  work  all  summer,  too.  Concerning  that 
device  for  running  down  hill  which  Mr.  Steinmetz  referred  to 
as  being  very  complicated,  1  would  like  to  explain  that  it  is  used 
only  as  a  safety  device,  so  as  to  be  able  to  run  down  hill  in  case 
the  continuity  of  the  trolley  wires  or  contact  with  them,  is  bro 
ken.  Moreover  it  is  at  present  used  only  on  one  of  the  four  loco- 
motives as  an  experiment ;  with  the  system  used  on  the  others,  if  a 
car  goes  down  hill  and  something  happens  at  the  power  station 
or  to  the  trolley  lines,  so  that  it  could  not  send  the  power  back  into 
the  trolley  lines,  it  would  have  to  descend  with  the  aid  of  the  brake- 
shoe,  which  is  objectionable.  It  is  to  meet  this  emergency,  that 
this  system  of  exciting  with  continuous  current  is  used.  Moreover, 
it  is  not  complicated  in  the  least ;  it  is  simply  the  addition  of  a 
very  small  continuous  current  dynamo,belted  to  one  of  the  motoi*s. 
In  other  respects  the  plant  is  exactly  the  same  as  before.  It  cannot 
be  said  therefore  that  it  is  a  very  serious  complication. 

Concerning  rotary  converters,  Mr.  Steinmetz  was  not  correct 
in  saying  that  they  are  absolutely  unknown  to  European  engi- 
neers. They  are  known  and  are  used  there,  though  much  less 
frequently.  The  foreign  engineers  differ  with  us  in  esti- 
mating the  relative  advantages  of  the  rotary  converter  and  the 
motor  generator.  I  saw  a  large  rotary  converter  of  German 
manufacture,  installed  in  the  Targe,  new  Berlin  station,  and 
the  engineer  who  designed  the  installation  said  that  if  he  had  to 
do  it  over  again  he  would  install  a  motor-generator.  That  rotary 
converter  was  also  of  interest  in  that  it  could  be  regulated  forvol- 

^  Since  this  discussion  took  place  I  have  been  informed  by  a  Swiss  electrical 
engineer,  who  is  in  a  position  to  know,  that  this  railroad  will  unqueslionably 
be  continned,  and  ihat  the  reports  of  its  failure  were  started  by  those  who 
wanted  to  buy  a  controlling  interest  in  the  stock. 
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tage.  It  was  coupled  on  tbe  same  shaft  with  what  might  be  called  an 
alternator  which  was  excited  by  the  continuous  current.  The 
alternating  current,  before  it  went  into  the  rotary,  passed  through 
this  alternator  and  by  variously  exciting  the  field,  the  alternating 
current  conld  be  boosted  up,  or  lowered  in  voltage,  and  in  that 
way  the  voltage  of  the  continuous  current  could  be  regulated 
without  passing  it  through  a  second  commutator. 

Mb.  Ries  :— I  would  like  to  ask  Mr.  ateinmetz  whether  it  is 
not  mainly  due  to  the  fact  that  direct-current  motors  in  this  coun- 
try are  standardized  and  a  regular  article  of  manufacture,  that 
progress  in  the  development  of  alternating  current  railway  motors 
18  more  backward  here  than  it  is  abroad,  rather  than  to  the  many 
alleged  disadvantages  of  such  motors  which  he  has  suited.  We 
know  that  there  are  a  great  many  losses  and  complications  in  the 
methods  which  are  practiced  at  Buffalo,  as  Mr.  Stott  showed  in  his 
paper  to-night,  and  wherever  else  the  alternating-direct  trans- 
mission system  is  installed.  It  has  been  the  aim  of  electrical 
engineers  to  overcome  those  losses  and  to  simplify  the  equipment 
so  as  to  avoid  the  necessity  of  having  so  many  intermediate  trans- 
formations and  so  much  attendance  at  rotary  sub-stations,  etc., 
which  the  static  transformer  would  eliminate.  I  am  under  the 
impression,  at  least  it  has  been  so  stated,  that  there  is  a  lack  of 
serious  effort  made  here  on  the  part  of  the  larger  manufacturing 
companies  to  avail  themselves  of  the  opportunities  presented  by 
the  use  of  alternating  current  railway  motors  for  purely  selfish 
reasons,  rather  than  owing  to  their  few  disadvantages.  The  ques- 
tion of  double  trolleys,  etc., — three-conductors,  in  the  case  of 
multiphase  currents — would  not  be  so  serious  a  matter  in  large 
cities  where  the  underground  conduit  is  used  ;  the  track  conld 
be  used  as  the  third  conductor  very  readily,  and  the  other  disad- 
vantages mentioned  are  not  deterrent.  The  question  is  whether 
or  not  the  fact  that  direct  current  motors  have  become  standardized, 
and  are  used  so  extensively  on  existing  railway  cars  as  to  cause  a 
reluctance  on  the  part  of  manufacturing  concerns  to  such  a 
change,  is  not  the  principal  reason  that  the  United  States  is  so 
far  behind  Europe  in  this  respect. 

Mb.  8tein.vietz: — There  is  undoubtedly  in  the  relation  be- 
tween standard  apparatus  and  special  apparatus,  a  good  deal 
of  cause  for  the  customer  to  tight  shy  of  three-phase  motors ; 
but  as  far  as  the  large  manufacturing  companies  are  concerned, 
there  is  no  disinclination  on  their  side  against  the  three-phase  in- 
duction motors  on  railroads.  On  the  contrary  there  is  a  very 
great  tendency  toward  that  practice,  and  it  has  been  pushed  to  a 
good  extent.  I  am  quite  sure  that  the  Westinghouse  company 
has  been  trying,  just  as  the  company  with  which  I  am  con- 
nected has  for  a  number  of  years  been  trying,  to  install  three- 
phase  induction  motors  on  railroads. 

I  may,for  instance,  state  that  an  American  company  is  at  present 
installing  a  three-phase  induction  railroad  in  northern  Italy,  not 
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in  America.  The  Italians  wanted  three-phase,  and  so  they  got 
it.  But  if  it  were  this  country,  I  would  not  recommend  three- 
phase.  I  do  not  see  any  reason,  because  continuous  current 
could  do  just  as  well,  and  better ;  but  this  road  is  being  built,  and  I 
am  very  glad  of  it.  Another  instance  we  had  some  years  ago, 
where  we  wanted  to  build  a  three-phase  railroad  at  cost  «price,  and 
see  it  go.  But  at  the  last  moment  the  customer  put  on  the  con- 
tinuous current.  If  you  come  to  the  underground  conduit,  you 
must  consider  that  even  at  20-cycles,  the  ordmary  iron  rail  oners 
against  an  alternating  current  an  impedance  which  is  from  three 
to  five  times  the  ohmic  resistance,  wnich  is  not  negligible.  Still 
there  is  really  no  disinclination  by  American  designing 
and  consulting  engineers,  but  all  have  been  very  favorably 
inclined  to  the  three-phase  induction  motor  for  railroads,  only 
there  was  no  case  in  this  country  where  it  could  be  conscien- 
tiously recommended  in  preference  to  the  continuous  current 
motor. 

Mb.  Joseph  Sachs  : — I  think  the  acceleration  of  the  induction 
motor  in  this  case  is  such  that  we  have  ran  ahead  of  the  paper, 
and  rather  lost  it  in  the  background.  I  think  that  while  we 
have  all  been  most  intensely  mterested  in  Mr.  Steinmetz's  dis- 
cussion of  the  induction  motor  operation,  we  would  be  far  more 
interested,  if  that  were  at  all  possible,  to  hear  his  discussion  of 
the  proposition  that  he  had  already  mentioned,  namely,  the 
operation  of  protective  devices  on  such  systems  as  Mr.  Stott  has 
mentioned. 

It  seems  to  me  that  in  the  paper  two  peculiar  forms  of  high 
potential  protective  circuit-opening  devices  are  mentioned,  and 
Mr.  Steinmetz  has  already  asked  the  question  whether  there  was 
any  difference  in  effect  between  the  operation  of  a  long  drawn 
out  arc  circuit-opening  device,  and  that  of  the  quick  circuit- 
opening  device  I  think  that  is  a  question  of  intense  interest  to 
us  all,  and  if  Mr.  Stott  cainiot  give  us  detailed  information  there- 
on, that  is,  with  relation  to  the  effect  of  such  circuit-opening 
devices,  upon  transmission  and  generating  and  translating  ma- 
chinery, perhaps  Mr.  Steinmetz  can,  or  some  of  our  other  mem- 
bers may  be  able  to  do  so.  I  should  verv  much  like  to  hear 
from  Mr.  Steinmetz  his  opinion,  regarding,  for  instance,  the  rela- 
tive supposed  effect  of  long  drawn  out  arc  circuit-opening  devices 
oyer  those  that  operate  instantaneously. 

Mb.  Steinmetz  : — Kegarding  this  question  I  may  say  that  in 
the  comparison  of  the  long  drawn  out  circuit-breaking  device 
and  the  auick  break — that  the  quick  break  is  the  air-switch, 
and  not  tne  oil  switch.  It  is  frequently  assumed  that  if  you 
draw  a  long  arc  in  the  air,  that  there  is  a  slow  break  in  the  circuit. 
That  is  not  the  case.  There  is  no  break  quicker  than  the  break 
in  open  air.  Metal  vapor  being  of  very  low  resistance  can  draw 
an  arc  two  or  three  feet  long,  having  a  drop  of  not  more  than  a 
few  hundred  volts.  If  in  a  high  potential  circuit  you  draw  an  arc  of 
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three  or  four  feet,  there  is  hardly  any  voltage  across  the  arc,  until  it 
breaks.  But  the  break  is  extremely  quick.  A  friend  of  mine  has 
made  some  very  nice  photographic  investigations  of  the  nature  of 
the  break  in  a  high  potential  circuit,  with  capacity  in  shunt,  and 
found  that  a  short  circuit  across  a  high  potential  circuit  rupturea 
itself  with  extreme  rapidity. 

When    the   oil   switch  was  experimented  with,   I  was  very 

freatly  afraid  of  it  due  to  the  quick  break  in  the  oil. 
Ixperience  and  a  very  careful  investigation  on  high  voltage 
circuits  has  shown  that  the  break  of  the  oil  switch  at  very  high 
voltage,  three,  iive  or  ten  thousand,  is  not  a  quick  break.  Liquid 
is  practically  incompressible,  and  therefore  the  gas  bubble  which 
is  formed  there  stands  under  enormous  pressure  and  holds  the 
arc  up  to  the  next  zero  value  of  current.  At  the  next  zero  value 
of  current  the  liquid  pressure  blows  out  the  arc.  It  seems  to  be 
the  action  of  the  oil  switch  to  hold  the  circuit  up  to  the 
next  zero  value  and  then  extinguish  it.  So  that  other  things 
being  equal,  the  probability  is  that  the  open  air  break  is  more 
dangerous  and  destructive  than  the  oil  break.  Now,  I  have  no 
complete  experimental  record  of  that  except  that  in  investiga- 
tions which  were  made  incidentally  on  the  same  plant  at  Niagara 
Falls,  described  in  the  paper,  with  5000  horse-power  behmd. 
When  trying  a  number  of  different  breaks  I  found  that  the  only 
switch  wnich  would  open  the  circuit  with  the  resistance  and  in- 
ductance in  series,  which  never  gave  a  rise  of  voltage,  was  the 
oil  switch.  That  is  not  quite  conclusive,  because  all  I  had 
was  ordinary  resistance  and  inductance,  but  no  capacity.  The 
conditions  may  change  as  soon  as  capacity  enters.  But  I  know  that 
in  all  inductive  circuits,  with  negligible  capacity,  the  air  switch 
is  more  dangerous  than  the  oil  switcn.  It  may  tnen  be  assumed  in  the 
absence  of  more  complete  data  that  the  oil  switch  is  the  safer 
one,  even  in  other  cases. 

I  have  investigated  that  lately,  and  I  shall  at  one  of  the  next 
meetings  read  a  paper  on  the  theoretical  investigations  of  these 
high  voltage  phenomena  which  may  occur  in  transmission  lines 
during  a  sudden  change  of  circuit  conditions,  as  closing  the 
circuit  on  the  lines,  or  opening  it,  or  short  circuiting  it. 

Mr.  Calvin  W.  Rice  : — I  would  like  to  ask  if  the  speaker  of 
the  evening  has  followed  the  articles  written  by  Mr.  Mordey  on 
''  Cable  Work,"  andhas  had  anyexperience  along  the  same  lines. 

Mr.  Stott  : — I  do  not  know  what  articles  you  refer  to. 

Mb.  Rice:— The  recent  articles  in  Enaineering^  speaking 
about  capacity  in  cables,  and  the  amount  oi  charging  current. 

Mr.  Stott  : — I  have  not  read  the  articles  in  question. 

Mr.  John  W.  Lieb,  Jr.: — I  would  like  to  at-k  Mr.  Stott  in 
regard  to  the  reference  he  makes  to  the  cable?,  on  page  136.  He 
states  that  a  rubber  insulated  cable  with  9/.  2"  wall,  80  per  cent, 
pure  Para  is  perfectly  reliable  for  11,000  volts;  but  that  8/82" 
insulation  even   with  a  higher  percentage  of  pure  Para  is  not. 
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It  seems  to  me  that,  with  the  difficulties  which  are  encountered 
in  the  manufacture,  and  which  can  quite  readily  give  rise  to  dif- 
ferences in  thickness  of  dielectric  greater  than  one-thirty-second, 
where  such  a  deduction  is  drawn,  it  would  seem  rather  to  in- 
dicate that  even  the  9/32''cable  was  perhaps  insufficiently  insulated, 
and  that  on  the  whole  for  such  a  high  voltage  there  was  not  a  suffi- 
cient margin  of  safety,  and  that  the  margin  was  sacrificed  by  the 
slight  reduction  of  1/32".  Ishould  like  to  know  whether  that 
d^uction  was  based  on  something  else  than  the  mere  difference 
of  1/32'',  because  it  seemed  to  me  that  with  the  variations  that 
are  likely  to  take  place  in  manufacturing  such  a  cable  there  ought  * 
to  be  a  greater  margin  than  one-thi.rty-second  of  an  inch  between 
an  insulation  thickness  sufficient  to  secure  perfect  reliability,  and 
one  that  is  not.  In  this  light  I  do  not  understand  the  conclusions 
arrived  at  by  the  author. 

Mb.  Stott  : — With  reference  to  these  remarks,  as  stated  in  the 
paper,  these  are  the  general  conclusions  that  we  have  been  able 
to  draw  from  the  actual  number  of  breakdowns  during  a  period 
of  three  years.  These  cables  have  been  used  over  three  years, 
and  were  made  by  very  reliable  manufacturers,  the  best  manu- 
facturers probably  there  are  in  the  United  States,  and  we  have 
had  more  breakdowns  on  that  8/32",  although  it  has  been  in  a 
year  less  than  the  other  two,  and  naturally  we  began  to  think 
that  the  puncture  resistance  was  not  so  great  with  8/32"  as  it  was. 
with  9/32",  and  there  does  seem  to  be  a  distinct  difference,  and 
that  the  1/32"  makes  a  marked  difference.  These  are  from  a 
record,  very  carefully  kept,  of  all  breakdowns.  I  am  sorry  that 
1  cannot  say  whether  it  broke  down  to  ground  or  between  con- 
ductors, because  after  an  ll,000-volt8  burn  out  there  is  not  any- 
thing left  to  tell.  But  1/32"  extra  insulation  seems  to  give  very 
greatly  increased  reliability.  That  is,  after  the  cable  has  been  in 
use  for  a  lone  time.  By  a  long  time  I  mean  several  months. 
There  is  another  fact  that  possioly  may  have  something  to  do 
with  it,  and  that  is  whether  40  per  cent,  of  pure  Para  is  not  too 
pure  and  deteriorates  under  pressure.  Some  experiments  are 
being  carried  on  that  I  know  oi  as  to  the  deterioration  of  insula- 
tion under  a  continued  high  pressure,  and  the  loss  of  insulation, 
that  is  to  say,  the  megohms  as  measured  by  the  galvonometer, 
after  a  continuous  application  of  high  pressure,  is  very  distinct. 
That  is  to  say,  there  is  a  distinct  fall  in  insulation  as  the  test 
is  continued.  If  at  the  end  of  ten  days  the  insulation  is  400 
megohms,  at  the  end  of  twenty  days  it  will  be  down  to  perhaps 
half  of  that  value  and  keep  on  decreasing.  These  experiments 
are  not  yet  complete,  but  the  tendency  has  been  very  marked  in 
that  direction,  and  apparently  (from  these  experiments  being 
carried  on)  the  purer  rubber  is  going  that  way  faster  than  the 
less  pure. 

ALr.  Calvin  W.  Rice  : — I  would  like  to  ask  if  the  dimensions  of 
the  cable    are  those    in    the    specification   or    the   dimensions 
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observed  by  inspection  of  various  lengtlis,  and  if  9/32"  means 
the  least  dimension  that  was  observed  in  any  of  the  product ;  also 
is  the  30  per  cent,  cable  made  by  one  maker  and  the  40  per 
cent,  made  by  another  maker,  and  if  there  were  tests  made  to 
determine  whether  there  was  exactly  30  per  cent,  or  40  per  cent. 

Mr.  Stott  : — in  reply  to  these  questions,  the  thickness  of  the 
wall  was  quite  carefully  measured,  and  these  are  the  means  of  a 
great  many  measurements,  so  that  it  may  be  taken  that  these 
represent  the  mean  thickness  of  the  wall.  As  to  the  percentage  of 
pure  Para,  that  we  have  got  to  rely  upon  the  manufacturer 
for.  As  you  know,  the  analysis  of  rubber  is  an  extremely  diflS- 
cult  thing  to  perform,  and  you  can  get  almost  any  result  you 
like  with  those  hydrocarbons. 

Mr.  Rice  : — I  would  like  to  ask  if  these  breakdowns  occurred 
mainly  in  the  cable  or  in  the  joints,  and  as  to  the  possibilities  of 
mechanical  injuries  as  a  cause  for  the  breakdowns,  or  was  the  cable 
so  destroyed  that  you  could  not  tell  whether  there  was  mechanical 
injury  or  not. 

Mr.  Stott:— The  breakdowns  in  almost  every  case  in  the 
cable  referred  to  occurred  in  the  middle  of  the  section,  or  at  least 
ten  feet  from  a  manhole,  and  the  result  was  such  that  you  could 
not  tell  anything  about  it.  It  just  blew  the  whole  cable  to 
pieces. 

Mr.  H.  D.  Eeed  : — The  conditions  are  so  great  and  varied 
with  the  rubber  in  cables  that  I  should  think  it  would  be  neces- 
sarj'^  to  determinewhetherthatl/32'' was  the  cause  of  these  cables 
breaking  down,  that  is,  if  a  thirty-second  less,  rather  than  the 
treatment  of  the  rubber  itself,  was  the  cause.     Now,  there  are  a 

freat  many  grades  of  pure  Para  rubber,  and  the  age  of  the  rubber 
as  considerable  to  do  with  it,  also  the  length  of  time  that  the 
rubber  is  dried  and  cured  before  it  is  compounded,  and  the 
cleanliness  of  the  rubber  is  a  feature  that  enters  very  materially 
into  the  manufacture  of  cables.  Now,  I  would  be  inclined  to 
think  that  an  8/32  wall  of  40  per  cent,  rubber  would  be  safer 
than  9/32  of  30  per  cent,  rubber.  From  the  experience  I  have 
had  with  cables,  especially  after  a  lapse  of  time,  40  per  cent, 
rubber  will  be  very  much  more  durable  than  the  30  per  cent, 
compound. 

Mr.  Sachs  : — I  am  not  familiar  with  the  cable  practice  and 
transmission  through  cables,  but  it  would  seem  to   me,  and  it 

Srobably  seemed  to  a  great  many  others  this  evening,  that  the 
ifference  between  8/32  and  9/32  of  an  inch  of  insulation  on  a 
high  potential  cable  is  very  small.  The  tendency  to-day  in  engi- 
neering practice  is  to  make  everything  "  fool  proof,"  and  I  think 
it  also  is  in  a  great  many  cases  necessary  to  make  it  mechanically 
And  also  electrically  "  fool  proof."  1  should  say  if  8/32''  of  insu- 
lation on  a  high  potential  cable  were  bad,  that  9/32"  were  almost 
equally  bad,  and  if  trouble  was  experienced  with  tlie  9/32",  I 
Bhould  add  one  or  two  more  thirty-seconds  of  rubber,  and  get  a 
little  additional  factor  of  safety. 
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Me.  Stott  : — I  would  reply  to  Mr.  Saobe'  remark — there  is 
another  factor  besides  the  factor  of  safety  that  enters  into  the 
question,  and  that  is  the  matter  of  cost.  A  cable  of  1/32^'  extm 
insulation  would  probably  send  up  the  price  25  cents  a  foot. 

Mm.  Saohs  : — Quite  true.  But  I  should  think  that  the  deterio- 
ration would  in  time  affect  the  9/32"  just  as  much  as  it  previously 
did  the  8/32",  that  it  was  simply  a  question  of  time  before  the  9/32" 
broke  down,  and  if  you  added  a  few  more  thirty-seconds  it  would 
take  a  little  more  time  to  break  down,  and  thus  you  might  con- 
tinue the  life  of  the  cable.  That  is  simply  my  opinion  of  the 
matter.     As  I  said,  I  am  entirely  unfamiliar  wigi  the  practice. 

[Adjourned.] 
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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 


New  York,  April  26, 1901. 
The  153rd  meeting  was  held  this  date  at  12  West  Slst  Street, 
and  was  called  to  order  by  President  Hering,  at  8:20  P.  M. 
ft  ^  The  Seobetart  : — At  the  meeting  of  the  Executive  Com- 
mittee  this  afternoon,  the  following  Associate  Members  were 
elected : 


Name 


AddreM 


AiTDERSON,  Douglas  Smith  Professor   of    Blectricity  and 

Blectrioal  Bngineerinc:,  Uni- 
yersity  of  Mississippi,  Uni- 
versity,  Miss. 

Brbwstkr,  Walter  Soott  Electrician,  Standard  Under- 
ground Cable  Go.,205  Market 
St.,  Perth  Amboy,  N.  J. 

Burhitt,  Jamss  Aubbkt     Draftsman  and  Designer,  Royal 

Electric  Co.,  94  Queen  St., 
residence,  19  Shuter  Street, 
Montreal.  P.  Q. 

Clabk,  Fablbt  Obanosr  Electrician  in  charge  96th  St. 

Power  Station,  Metropolitan 
St.  Ry,  Co..  9«th  St.  and  Ist 
Ave.,  residence,  489  Manhat- 
tan Ave..  New  York  City. 

Electrician,  Buffalo  and  Lock- 
►  o  r  t    Railway,    Lockport, 

GiLLis,  Harrt  Albxandbr  General  Superintendent,Rich- 

mond  Locomotiye  Works, 
Richmond,  Va. 

Haubbigh,  Albx.  Michabl  Electrical    Engineer,    Central 

Union  Telej^one  Co.,  1809 
Ashland  Block,  Chicago,  111. 

HODOBS,  WiiiiiUH  Lbmhom  Asst.  Engineer,  The  Keystone 

Telephone  Co.,  760  Drexel 
Bldg. ,  residence ;  8458  Wood- 
lawn  Aye.,  Philadelphia. 

165 


Clouob,  Dwigbt  Edward 


r 


Endorsed  by 

Brown  Ayres. 
Harris  J.  Ryan. 
Edw.  L.  Nichols. 


H.  W.  Fisher. 
A.  J.  Rowland. 
R  A.  Fessenden. 

P.  G.  Gossler. 
R  B.  Owens. 
Ernst  J.  Berg. 

W.  N.  Ryerson. 
P.  Torchio. 
J.  J.  Mahoney. 


P.  Eskll  Berg. 
H.  S.  Webb. 
C.  E.  Giflord. 

Gano  S.  Dunn. 
Wm.  S.  Aldrich. 
Thos.  V.  Bolan. 

H.  S.  Carhart. 
S.  G.  Mo  Meen. 
B.  J.  Arnold. 

Louis  Duncan. 
J.  J.  Carty. 
Henry  Floy. 
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HoFTON,  Waltbk  Edwin 


General  Superintendent  Cincin-    A.  N.  Mansfield, 
nati    Bdison    Electric   Co.,    F.  E.  Idell. 
Cincinnati.  0.  W.  K.  Archbold. 


KiLGOUB,  Martin  Hamilton  Borough  Electrical  Engin- 
eer. Corporation  Electric 
Works,  2  Church  Street, 
Cheltenham,  England. 

Leeds,  Morbis  Evans       Managing  Member  of  the  firm, 

Morris  E.  Leeds  &  Co.,  269 
North  Broad  St.,  residence, 
3221  N.  17th  St.,  Philadel. 
phia.  Pa. 

Mo  Bbbty,  Frank  R.         Telephone  Engineer,   Western 

Electric  Co.,  Chicago,  111., 
residence,  Eyanston,  111 

MoNRATH,  Gubtate  Engineer  and  Superintendent, 

Grace  &  Hyde  Engineering 
Co.,  residence.  26  E.  42d  St., 
New  York  City. 

Robertson,  Jas.  McCalluh  Superintendent,  Power  De- 
partment, The  Royal  Elec- 
tric Co..  Montreal,  P.  Q. 

Thornton,  Kenneth  Buchanan    Superintendent      Line 

Department,  The  Rojal  Elec- 
tric Co.,  residence  840  Dor- 
chester Street,  Montreal, 
P.Q. 

Total  15. 


W.  H.  Preece. 
O.H.Wordingham 
W.  M.  Mordey. 

Edwin  J.  Houston 
Chas.  J.  Reed. 
Carl  Hering. 


T.  D.  Lockwood. 
I.  H.  Famham. 
F.  A.  Pickemell. 

C.  G.  Armstrong. 
H.  B.  Coho. 
M.  Coster. 

Norman  Ross. 
P.  G.  Gossler. 
Ralph  D.Mershott 

P.  G.  Gossler. 
H.  R.  Leyden. 
R.  M.  Wilson. 


The  following  Aisociate  Members  were  transferred  to  full 
Membership. 

Approved  by  Board  of  Examiners,  March  18th,  1901. 

Buck,  Harold  Winthrop   Electrical  Engineer,  Niagara  Falls  Power  Co.,  170 

BufEalo  Ayenue,  Niagara  Falls. 

Burgess,  Charles  Frkdiriok    Assistant  Professor,  Electrical  Engineerings 

University  of  Wisconsin,  609  Lake  Street,  Mad- 
ison, Wis. 

Electrician  and  Director  of  Electricity  and  Chemi* 
cal  Laboratories,  The  Standard  Underground 
Cable  Co.,  Pittsburg,  Pa. 

General  Superintendent  and  Electrical  Engineer, 
Cincinnati  Gas  Co.,  Electric  Department,  Cin- 
cinnati, 0. 

Kenan,  Willlim  Band,  Jr.  Traders*  Paper  Co..  Lockport,  N.  Y. 

MuRFHT,  John  Superintendent,  Power  Houses.  The  Ottawa  Elec- 

tric Co.,  Ottawa,  Ont. 

Springer,  Frank  Weslkt    Assistant  Professor  Electrical  Engineering,  Uni- 
versity of  Minnesota,  Minneapolis,  Minn. 

The  President  announced  that  the  Council  had  prepared  and 
now  submitted  in  writing  an  amendment  to  the  Constitution^ 
which  would  be  brought  up  for  consideration  at  the  Annual  Meet- 
ing May  21st. 


Fisher,  Hbnrt  Wright 


HArsR,  George,  Jr. 
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Dr.  Samuel  Sheldon  : — Mr.  Fresident,  before  those  amend- 
mentfl  are  read,  I  would  like  to  make  a  motion — inasmuch  as  we 
have  two  papers  for  this  evening — that  Mr.  Dunn  make  a  digest 
of  the  amendments  and  present  to  ns  the  radical  changes,  omit- 
ting those  parts  which  are  common  to  both  Constitutions. 
[Carried.]  \ 

Mr.  Dunn  having  outlined  the  proposed  changes  in  the  Con- 
stitution, it  was  voted  that  the  new  Constitution,  as  revised  by 
the  Committee,  be  printed  and  distributed  to  the  membership 
before  the  next  meeting. 

Prof.  Harris  J.  Kyan  then  presented  the  following  paper  on 
**  The  Transformer  for  Measuring  Large  Direct  Currents." 
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THE  TRANSFORMER  FOR  MEASURING  LARGE 
DIRECT  CURRENTS. 

BY  HABRI8  J.  RYAN. 

In  operatdng  practice,  the  use  of  the  transformer  for  the 
measurement  of  large  alternating  currents  is  now  widely  adopted. 
No  similar  operating  use  of  the  transformer  can  be  made  for 
direct  currents.  This  paper,  however,  presents  a  method  for 
la/rge  direct  current  calibratione  that  employs  the  transformer 
for  comparing  the  values  of  large  and  small  currents  in  terms  of 
the  ratio  of  transformation  and  the  reading  of  the  instrument 
used  for  measuring  the  small  current.  The  method  is  based  upon 
the  following  principle : 

Where  two  direct  current  carrying  coils  of  similar  dimensions 
are  placed  side  by  side  and  linked  with  a  closed  laminated  iron 
<5ore  of  low  reluctance,  the  permeability  of  this  core  for  alter- 
nating magnetic  flux  will  be  a  maximum  when  the  ampere  turns 
of  the  two  coils  are  equal  and  opposite. 

The  test  for  maximum  permeability  to  alternating  flux  may 
be  applied  in  various  ways.  I  have  found  the  one  given  by  the 
diagram  of  Fig.  1  to  work  very  well.  In  this  diagram  a-1  is  an 
ammeter  that  has  been  recently  standardized  by  reference  to 
the  Clark  cell  and  a  Reichsanstalt  resistance.  A  convenient 
range  for  this  instrument  is  from  0  to  25  amperes.  With  ref- 
erence to  A-1,  the  heavy  direct  current  shunt  and  milli-voltmeter 
type  of  ammeter  is  to  be  calibrated,  checked  or  adjusted.  The 
ampere  turns  produced  by  the  small  current  drawn  through 
the  secondary  coil,  b,  mounted  on  the  core,  c  c,  and  the  ammeter, 
A-1,  are  to  be  balanced  against  the  ampere  turns  produced  by 
the  large  cuiTent  through  the   single  primary  turn,  a,  and  the 
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ammeter,  a- 2.  lu  circuit  with  a- 1  and  b  there  is  a  water  rheo- 
stat conveniently  arranged  so  that  the  cnrrent  on  this  circuit 
may  be  smoothly  yet  quickly  adjusted  to  any  desired  value. 
The  auxiliary  primary  and  secondary  circuits,  a  and  J,  the  two 
two-part  commutators  mounted  and  driven  on  the  same  shafts 
and  the  galvanometer,  g,  are  for  the  purpose  of  noting  when 
the  permeability  to  alternating  flux  of  the  core,  c  c,  is  a  maxi- 
mum, as  the  current  in  a-1  and  b  is  changed  to  bring  the  ampere 
turns  of  B  equal  and  opposite  to  those  in  a  due  to  the  large  con- 
tinuous current. 


Fio.  1. 

The  alternating  current  through  the  primary,  a,  which  pro- 
vides the  necessary  small  alternating  m.m.f.,  is  obtained  by  pass- 
ing a  direct  current  of  one  or  two  amperes  from  the  large  direct 
current  source,  d.c,  through  the  controlling  resistance,  b,  the  re- 
volving two-part  commutator,  1-2,  and  as  alternating  current 
through  the  small  auxiliary  primary,  a.  The  secondary,  J,  con- 
tains one  turn  which  connects  with  alternating  current  through 
the  revolving  two-part  commutator,  3-4,  and  with  rectified  cur- 
rent through  the  galvanometer,  a.  The  two-part  commutators 
are  mounted  and  driven  on   the  same  shaft.     The  brushes  of 
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these  commatators  are  set  on  diameters  that  are  at  right  angles 
to  one  another.  Thus  h  is  definitely  connected  to  the  galvan- 
ometer, G,  at  each  reversal  of  the  current  that  occurs  through  a. 
In  our  trials  of  this  method  we  drove  the  commutator  shaft  from 
a  fan  motor.  The  commutators  can  easily  be  made  light  enough 
to  be  driven  by  clockwork  if  so  desired. 

At  a  given  commutator  speed  and  current  running  through  «, 
the  galvanometer,  o,  will  give  a  maximum  deflection  when  there 
are  no  currents  in  a  and  b,  or  when  the  ampere  turns  of  those 
coils  are  equal  and  opposite.  To  determine  the  current  in  a-2 
in  terms  of  A-l,an  observer  at  the  galvanometer  adjusts  the  cur- 
rent through  A-1  and  b  by  means  of  the  water  rheostat  until  a 
maximum  deflection  is  obtained  at  o,  at  which  point  the  instru- 


ments, A-1,  and  A-2  must  be  simultaneously  *read.  The  value  of 
the  current  through  a-2  is  the  current  through  a-1  multiplied  by 
number  of  turns  in  b, — a  having  one  turn. 

Trial  of  the  Method. 

A  transformer  for  this  purpose  was  constructed  having  the 
following  specifications  and  dimensions  : 

The  Core, — The  core  was  built  of  .016''  Apollo  transformer 
japanned  steel  sheets.  The  shape  and  size  of  each  sheet  are  given 
in  Fig.  2.     Total  number  of  sheets^  117. 

The  Current  Coils. — For  convenience  in  checking  the  results, 
a  ratio  of  transformation  of  unity  was  adopted,  i.  <3.,  the  coils 
A  and  b  as  indicated  in  the  diagram  of  Fig.  1,  consisted  each  of 
16  turns  of  No.  10,  b  &  a.  o. 
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The  Alternating  Indicotion  Coils. — The  coil,  a,  contained  37 
tarns  of  No.  18  b.  a  s.  g.,  and  the  coil,  ft,  contained  one  turn. 

The  transformer  was  connected  with  testing  circuits  and  facil- 
ities in  all  respects  as  described  in  connection  with  Fig.  1.  The 
galvanometer  used  at  g  is  a  "  Queen  Portable"  that  gave  a  deflec- 
tion of  one  small  division  per  .0008  volt.  .  It  has  a  range  of  15 
small  divisions,  plus  or  minus. 
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ALTERNATING  AMPERE  TURNS. 
Fig.  8. 


18 


First  Expeeiment. 

A  series  of  observations  was  first  made  to  determine  the  sensi- 
tiveness of  the  core  to  changes  in  permeability  for  alternating 
induction  when  subjected  to  direct  current  m.m.f'8.  in  either  of 
the  coils,  A  or  b.,  under  the  action  of  various  magnitudes  of  al- 
ternating m.m.f's.     The  results  of  these  observations  are  given  by 
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the  curves  in  Fig.  3.  For  example,  curve  i  wae  obtained  by  ap- 
plying different  values  of  alternating  current  through  the  coil,  a, 
see  Fig.  1,  and  at  each  value  observing  the  reading  of  the  galvan- 
ometer, G,  when  no  current  was  passing  through  either  current 
coil,  A  or  B.  Curve  ii  was  obtained  in  the  same  manner  except- 
that  a  small  direct  current  was  passing  through  one  of  the  cur- 
rent coils,  i,  e,^  either  a  or  b.     The  amount  of  this  current  was 
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CONTINUOUS  AMPERE  TURNS. 
Fig.  4. 

snch  as  to  produce  in  15  turns  aM.M.F.  of  2.8  ampere  turns.  The 
remaining  curves,  iii  and  iv  were  determined  in  the  same  manner 
for  m.m.f's.  in  one  of  the  current  coils  of  6.62  and  9.91  ampere 
turns. 

An  inspection  of  the  curves  enables  one  to  determine  the  num- 
ber of  alternating  ampere  turns  that  should  be  applied  as  a 
minimum  for  observing  when  the  continuous  current  in  the  coils 
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A  and  B  are  equal ;  likewise  approximately  the  accuracy  obtain- 
able with  this  method.  Thus  at  10  alternating  ampere  turns  the 
volts  obtained  at  o  are  read  from  each  of  the  curves  i,  ii,  in  and 
IV  of  Fig.  3.  These  values  when  plotted  with  their  corresponding 
continuous  current  ampere  turns  maintained  in  one  of  the  cur- 
rent coils,  form  the  curve,  i,  drawn '  in  Fig.  4.  In  the  same 
figure,  curve  ii  is  correspondingly  drawn  for  12  ampere  turns. 

An  inspection  of  these  curves  in  Fig.  4  shows  that  the  gal- 
vanometer deflection  remains  near  the  maximum  regardless  of 
the  amount  of  continuous  m.m.f.  applied  from  0  to  1  ampere 
turn.  In  addition  to  this  the  galvanometer  required  a  change 
of  .0004  volts  to  enable  the  observer  to  be  readily  certain  that  such 
change  was  due  to  passing  beyond  the  ampere  turn  balance  in  the 
current  coils  and  not  due  to  slight  speed  variations.  From  curve 
II  in  Fig.  4  it  is  seen  then  that  a  difference  of  two  ampere 
turns  must  exist  between  the  m-m.f.'s  of  the  current  coils  before 
an  ample  falling  oflF  in  the  galvanometer,  g,  deflection  has  oc- 
curred to  be  easily  caught  by  the  observer.  Where  the  trans- 
former of  the  above  dimensions  is  worked  to  100  ampere  turns 
in  each  of  the  coils,  a  and  b,  an  error  of  ±2,%  would  thus  be 
made;  at  600  ampere  turns  the  error  would  be  ±A%\  and  at 
1000  ampere  turns  ±.2^.  The  transformer  here  tried  could  not 
be  worked  beyond  200  ampere  turns  without  undue  heating. 
With  care  in  manipulation  these  errors  ma^y  he  largely  elvm^ 
inated.  We  found  that  the  best  results  in  this  respect  are  ob- 
tained when  the  observer  at  g  changes  the  balancing  current 
uniformly  in  one  direction  until  he  notes  that  the  balance  has 
been  passed  ;  he  then  changes  the  current  in  the  opposite  direc- 
tion until  the  balance  is  again  passed  as  shown  in  the  first  slight 
diminution  in  the  reflection  at  g.  The  observer  then  holds 
the  water  rheostat  in  the  midway  position  and  announces  the 
balance,  when  the  observers  at  a-1  and  a-2  read.  The  curves  i 
and  II  in  Fig.  4  also  show  that  there  is  no  advantage  in  using 
more  than  12  alternating  ampere  turns  in  this  particular  trans- 
former through  the  coil,  a. 

Second  Experiment. 

In  this  experiment  a  trial  was  made  to  determine  identical 
currents  in  the  coils  a  and  b.  Two  Weston  15-ampere  ammeters 
were  used  for  a-1  and  a-2.  They  were  carefully  compared 
with   one  another  by  passing   current  through  them  in  series. 
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A  continuous  current  was  set  up  througli  a,  and  current  was 
turned  on  through  b,  and  adjusted  until  o  indicated  a  maximum 
at  which  moment  a-1  and  a-2  were  read.  The  following  tables 
give  the  observations  made  in  tliis  manner  by  various  observers 
as  stated,  who  manipulated  the  water  rheostat,  and  announced 
the  balance  observed  at  g.  Each  observer  was  instructed  to 
pass  the  balance  in  both  directions  by  increasing  and  decreas- 
ing the  balancing  current,  and  then  to  set  the  water  rheostat 
in  the  middle  position,  when  announcing  the  balance.  The  cur- 
rent source,  d.c.  Fig.  1,  was  from  a  125-volt,  50  k.w.  Edison 
dynamo  that  was  driven  by  hand  controlled  water  power  and 
engaged  upon  an  additional  fluctuating  laboratory  load.  All 
current  values  were  for  this  reason  more  or  less  constantly  on 
the  move : 

Mr.  Hoxie,  observer  at  G  : 

A— 1.  A— 2. 

No.  1 9.96  9.93 

2 9.80  9.77 

3 9.76  9.76 

4 9.70  9.74 

5 9.75  9.84 

Average 9.79  9.81 

Mr.  N  orris,  observer  at  G : 

A— 1.  A— 2. 

No.  1 9.60  9.62 

2 10.48  10.48 

3..? 10.65  10.57 

4 10.54  10.49 

6 , 10.66  10.84 

Average 10.85  10.80 

Mr.  Cowing,  observer  at  G : 

A-l.  A— 2. 

No.  1 10.40  10.84 

2 10.41  10.40 

8 10.40  10.40 

4 10.44  10.46 

5..   '  10.41  10.48 

Average 10.41  10.40 

It  is  seen  that  the  errors  thus  made  range  from  plus  two-tenths 
of  one  per  cent,  to  minus  five-tenths  of  one  per  cent. 
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Third  Experiment. 

A  number  of  trials  vere  made  to  determine  the  eflfect  of  exter- 
nal magnetic  forces  upon  the  point  at  which  the  balance  would 
be  indicated.  A  1,000-ampere-turn  coil  was  placed  on  the  trans- 
former core  in  a  number  of  positions,  and  trials  for  a  balance  of 
the  current  in  a  and  b  were  made,  with  the  current  "on"  and 
"off"  through  the  disturbing  coil,  and  no  perceptible  effect  wa& 
observed. 


It  was  thus  determined  that  errors  due  to  external  m.  m.  f's 
would  not  occur  in  the  application  of  this  method  under  all 
onlinary  conditions  that  are  present  on  switchboards  for  heavy 
currents. 

This  did  not,  however,  determine  that  errors  are  not  due  to 
internal  magnetic  leakage,  since  in  this  experiment  when  the 
ratio  of  turns  was  unity,  magnetic  leakage  was  purposely  elimi- 
nated by  winding  side  by  side  the  two  conductors  forming  the 
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two  coils.     Thus  tlie  coils  were  thoroughly  interlaced  and  could 
not  produce  appreciable  magnetic  leakage. 

It  was  necessary  then  to  determine  the  error  due  to  magnetic 
leakage  which  in  the  ordinary  transformer  gives  rise  to  trans- 
former self-induction.  For  this  purpose  I  used  a  transformer 
that  had  been  designed  to  work  as  an  alternating  current  multi- 
plier. It  was  intended  to  multiply  the  current  range  of  a  25- 
ampere  instrument  40  times,  so  that  it  could  be  used  in  a  1,000- 
ampere  circuit.  Transformers  for  such  purpose  do  not  have  to 
approach  perfection  in  the  elimination  of  self-induction.  The 
construction  of  this  transformer  is  given  in  Figs.  5,  6,  7,  8  and  9. 
The  construction  details  given  in  these  figures  are  so  complete 
that  no  further  description  is  necessary. 
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It  should  be  noted  that  the  peculiar  construction  of  the  1,000- 
ampere  single- turn  coil  where  it  passes  through  the  core  is  for 
the  purpose  of  lessening  as  much  as  possible,  the  primary  and 
secondary  conductor  uross-sectional  area  that  must  be  enveloped 
by  the  core.  Thus  the  core  reluctance  is  diminished  to  a  mini- 
mum— a  very  desirable  feature  for  an  alternating  current  multi- 
plier. This  is  accomplished  by  the  loss  of  some  additional  e.  m.  f, 
through  magnetic  leakage  or  transformer  self-induction — a  point 
not  important,  as  stated  above,  in  current  multipliers. 

This  transformer  is  well-suited  for  trial  to  determine  the  effect 
of  internal  magnetic  leakage  upon  the  accuracy  of  the  direct-cur- 
rent transformer- balance.     Currents  up  to  1,000  amperes  wero 
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furnished  from  a  2-yolt  direct-current  generator  through  the 
single-turn  coil,  and  balancing  current  was  supplied  through  the 
40- turn  coil  from  a  110- volt  direct-current  machine.  The  heavy 
current  was  measured  by  means  of  a  British  Board  of  Trade 
•0001-ohra,  1,000-ampere  resistance  standard  and  a  Weston  milli- 
Toltmeter  that  had  been  calibrated  by  reference  to  a  Carhart- 
Clark  cell. 

The  balancing  current  was  measured  in  the  same  manner,  using 
a  .01-ohm  Reichsanstalt  low  resistance  standard  and  a  millivolt- 
meter,  also  calibrated   by  reference  to  the  standard  c.^11.    The 


FiQ.  7. 


British  and  German  resistance  standards  were  compared  with  one 
another  and  found  to  be  in  agreement.  The  following  results 
were  obtained:' 


Amperes. 

Ampere  Tarns. 

Batlo. 

40.6 

40.2 

1.010 

157 

154 

1.020 

600 

476 

1.051 

648 

621 

1.044 

1035 

996 

1.038 
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Each  set  of  the  above  reiults  was  obtained  by  taking  the  aver- 
age of  five  balances  and  simultaneous  sefcs  of  readings. 

To  those  who  are  particularly  concerned  with  all  matters 
relating  to  the  magnetic  circuit,  the  column  of  ratios  will  be  very 
interesting  when  studied  in  connection  with  the  dimensions  of 
this  transformer.  Most  persons,  however,  will  care  for  no  further 
eomment  on  the  meaning  of  these  ratios  than  that  pranoimoed 
internal  magnetic  leakage  will  produce  errors  amounting  to  as 
much  aejiAyeper  cent 

A  study  of  these  results  taken  in  connection  with  the  constrnc- 
tion  of  the  transformer  brought  out  the  manner  in  which  magnetic 
leakage  produces  this  error.   The  error  is  due  to  the  fact  that  the 
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coil  which  occupies  the  larger  cross-sectional  space  and  which  is 
the  seat  of  the  larger  magnetic  leakage  behaves  toward  the  one 
which  occupies  the  smaller  cross-sectional  area  as  though  it  had 
more  than  its  real  number  of  ampere  turns.  The  phenomena 
within  the  iron  of  the  core  where  there  is  this  unbalanced  mag- 
netic leakage  may  be  analyzed,  and  the  result  obtained  will  show 
that  the  coil  occupying  the  larger  space  will  have  apparently 
more  ampere  turns  than  the  actual  number  present  when  the 
attempt  to  balance  is  made. 

A  type  of  transformer  must  therefore  be  selected  which  will 
avoid  magnetic  leakage  as  far  as  possible,  and  such  leakage  as 
does  occur  must  be  equal  for  each  coil. 

Form  of  Tbansforhbb  Adopted. 
The  form  of  transformer  that  will  avoid  magnetic  leakage 
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errors,  and  Which  is  conreniently  applied  under  most  practical 
conditions  is  illustrated  in  Fig.  10.  Upon  the  laminated  core  are 
woand  the  ampere-tarn  balancing  coil,  and  the  few  primary  and 
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secondary  turns  for  the  alternating  balance  test.     The  core  when 
wound  is  so  shaped  as  to  form  a  link  that  makes  an  easy  fit  oyer 
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the  heavy  conductor  which  carries  the  large  current  to  be  deter- 
mined. 

In  Fig.  10  there  ie  a  single  view  of  a  transformer  of  this  kind 
that  Prof.  J.  O.  Phelon  constructed  and  assisted  me  to  test. 

The  core  is  one-half  inch  square  and  one-quarter  square  inch 
in  cross-section.  The  material  in  the  laminations  is  continuous ; 
no  magnetic  joints  can  be  allowed  in  these  cores.  The  lamina- 
tions were  cut  from  14  mil  Apollo  electrical  steel  sheets. 

The  alternating  primary  contains  20.  turns,  and  the  secondary 
10  turns. 

The  heavy  direct  current  conductor  measures  2f  by  ■^•'.  The 
ampere  turn  coil  is  wound  with  68  turns  of  No.  10  b.  and  s. 
cable. 


FiQ.  10. 

The  mean  length  of  the  core  is  approximately  12  inches.  The 
primary  alternating  current  was  supplied  by  1.25  amperes  of 
direct  current  passed  through  the  two-part  commutator.  The 
alternating  ampere  turns  applied  to  the  core  were,  therefore,  25, 
or  about  two  alternating  ampere  turns  per  inch  of  core.  I 
usually  drive  the  commutator  from  a  small  motor  at  a  speed  of 

500  B.F.M. 

In  testing  this  transformer  for  error,  the  same  instruments, 
standard  and  current  sources  were  employed  as  when  testing  for 
the  error  due  to  magnetic  leakage. 
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The  following  resalts  were  obtained : 

AmperM.  Ampere  Turns.  Batlo. 

,  288.7  288.7  1.0000 

712.6  718.2  .9991 

Each  of  the  above  set  of  valaes  is  the  average  of  five  sets  of 
readings  taken  at  five  corresponding  balances. 

These  excellent  results  were  obtained  bj  taking  current  from 
a  flactoating  power  source  i.  e,,  the  pointers  on  the  ammeters 
suffered  a  steady  drift  to  and  fro  so  that  the  exact  balance  lasted 
for  a  moment  only. 

It  must  always  be  remembered  that  this  is  a  zero  method. 
Thus  an  error  is  introduced  if  the  current  either  in  the  heavy 
or  light  circuit  suffei*8  a  momentary   and  periodic   fluctuation 
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that  is  not  common  to  both  circuits.  For  example,  when  the 
current  in  the  last  test  was  increased  to  950  amperes,  trouble 
at  the  commutator  of  the  2-yolt  machine  appeared.  The  brushes 
and  commutator  are  too  small  for  the  delivery  of  so  large  a 
current.  The  pointer  on  the  heavy  current  instrument  showed 
a  momentary  periodic  depression  as  indicated  in  Fig.  11.  Since 
the  balancing  current  had  to  be  furnished  at  a  higher  pressure 
than  two  volts,  it  was  taken  from  a  separate  110-volt  generator*. 
The  balancing  current  suffered  no  corresponding  fluctuation  in 
value.  It  is  evident  that  the  balance  would  be  obtained  at  the 
higher  value  of  the  fluctuating  heavy  current.  Since  the  in- 
strument indicates  the  values  of  the  average  currents,  it  follows 
that  the  ampere  turns  in  this  instance  will  be  too  high.     To  study 
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this  sonrce  of  error  the  current  of  950  amperes  was  passed  long 
enough  to  obtain  live  sets  of  readings.  The  following  result  is 
the  average  of  this  set : 

Amperes.  '  Ampere  Turns.  Batlo. 

947.7  951.7  .9958. 

The  error  due  to  this  cause  in  this  instance  was,  therefore, 
.4  per  cent. 

In  practice,  a  case  of  this  sort  is  not  likely  to  be  found. 
Where  there  are  periodic  and  momentary  fluctuations  of  the 
heavy  current,  the  balancing  current  will  be  drawn  from  the 
same  source,  sufiering  practically  the  same  fluctuations,  thus 
eliminating  the  error.  The  above  instance  in  our  test  is  a  highly 
aggravated  case,  and  yet  the  error  is  within  one  half  per  cent. 

In  conclusion,  I  should  state  that  I  am  well  aware  that  this 
method  of  standardizing  direct  current  instruments  will  look 
complicated  to  many.  I  would  heartily  recommend  that  they 
do  not  pass  judgment  upon  it  in  this  respect  until  they  have  given 
it  a  fair  trial.  The  necessary  apparatus  is  simple  and  inexpen- 
sive in  each  instance.  It  may  be  applied  anywhere,  and  operates 
conveniently  even  with  a  variable  power.  The  ampere  links 
can  be  slipped  over  the  circuits  at  the  back  of  the  switchboards 
once  for  all,  or  they  may  be  slipped  over  the  switch  blades  at 
the  front,  and  instruments  quickly  and  accurately  checked  up  at 
any  time  by  reference  to  a  small  instrument  that  is  known  to  be 
correct,  or  which  has  recently  been  calibrated. 

I  wish  to  express  my  thanks  to  my  colleagues,  Mr.  Henry 
H.  Norris  and  Mr.  George  L.  Eoxie,  and  to  my  students,  Mr. 
H.  E.  Cowing  and  Mr.  F.  Martin,  for  their  hearty  and  eflEective 
co-operation  in  conducting  the  experiments  which  resulted  in 
the  development  of  this  method  for  the  determination  of  large 
direct  currents. 

Department  of  Electrical  Engineering, 

Sibley  College,  Cornell  University,  April,  1901. 
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Discussion. 

The  President: — Professor  Ryan's  ingenious  arrangement 
is  to  me  on«  of  the  most  novel  departures  in  measuring  instru- 
ments that  I  have  seen  for  some  time.  The  idea  of  using  a 
transformer  for  direct  currents  would  not  be  likely  to  suggest 
itself  to  many,  and  the  way  in  which  he  has  solved  the  problem 
of  thus  applying  a  useful  property  of  transformers,  is  certainly 
extremely  ingenious. 

The  arrangement  which  he  describes  must  naturally  compete 
with  the  use  of  a  standard  low  resistance  and  a  milli-voltmeter. 
In  his  paper  he  has  not  brought  out  the  advantages  which  his 
metliod  will  have  over  this  older  one,  but  I  presume  he  will 
make  this  clear  in  the  discussion.  The  paper  is  open  for  discus- 
flion. 

Mb.  George  T.  Hanchett  : — I  do  not  wish  to  be  understood 
as  criticizing,  but  rather  asking  for  information.  There  are  one  or 
two  points  which  I  would  like  to  have  brought  out.  I  under- 
stand, turning  to  Fig.  I,  that  the  alternating  current  voltage 
used  to  excite  the  coil  a  is  obtained  by  means,  I  presume,  of  a 
sleeve  carrying  two  slip  rings,  which  are  respectively  connected 
with  the  two  halves  of  the  two-part  commutator  adjacent.  Now, 
if  a  dynamometer  instrument  were  placed  upon  the  terminals  of 
the  coil  A,  a  certain  deflection  would  be  noticed.  As  the  commu- 
tator began  to  turn,  there  would  be  times  when  the  coil  a  was  not 
connected  with  the  circuit  at  all,  for  if  the  brushes  were  allowed 
to  bridge  between  segments  1  and  2.  it  would  constitute  a  short- 
circuit  between  the  rings  1  and  2.  This  introduction  of  a  series 
of  short  periods  of  no  voltage  on  the  coil  a,  would,  it  seems  to 
me,  materially  affect  the  deflection  of  the  dynamometer  instru- 
ment connected  across  its  terminals,  and  similarlj^  affect  the  volt- 
age obtained  at  the  slip  rings  3  and  4,  and  therefore  the  maximum 
deflection  of  the  galvanometer  or  instrument  g,  would  depend, 
not  only  on  the  permeability  of  the  core  o,  but  on  the  speed  of 
the  commutator,  which  should  therefore  be  a  constant  quantity. 
Am  I  right  in  that  understanding? 

Professor  Ryan  : — If  I  may  at  this  time  answer  the  two  points 
— first,  as  to  the  matter  of  bridging  over  the  segments  men- 
tioned, it  will  be  noted  that  the  reversal  of  the  direct  current 
occurs  at  that  point  as  described,  in  the  first  commutator.  The 
galvanometer  is  connected  firmly  at  that  very  instant,  to  the  mid- 
dle of  the  two  sectors  on  the  galvanometer  commutator.  It  is 
just  at  the  instant  of  the  reversal  of  the  direct  current  that  you 
get  electromotive  force.  There  is  therefore  no  trouble  of  the 
character  which  may  be  thought  of  as  possibly  occurring  be- 
cause of  the  short-circuiting  during  this  short  contact  of  the 
Mgments. 

Then  as  to  the  speed  of  the  commutator.  It  is  true  the 
electromotive  force  depends  entirely  on  that  speed.  Neverthe- 
less the  observer  at  the  water  rheostat  is  in  full  touch  with  any 
vr.riation  of  speed  that  may  be  occurring  in  the  driving  mechanism 
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for  these  commutators;  he  is  constantly  running  the  water 
rheostat  handle  up  and  down,  and  he  is  entirely  conscious  of  any 
change  in  speed  that  there  may  be  on  the  part  of  the  driving 
mechanism  or  the  commutators,  or  on  the  part  of  the  machinery 
that  is  developing  the  current.  One  cannot  tell  at  the  galvanom- 
eter G  in  this  figure,  and  at  the  water  rheostat,  which  cause  it 
may  be  —  either  or  both,  for  that  matter,  but  you  have  entirely  at 
your  control  the  means  for  distinguishing  between  a  maximum 
deflection  that  has  come  from  your  own  act  of  adjustment  of 
current,  or  from  that  which  is  due  to  the  upward  or  downward 
drift  of  speed.  That  is  a  point,  however,  which  actual  experi- 
ence with  the  method  can  only  bring  out,  the  conviction  that  this 
feature  is  all  right. 

Mr.  Gano  S.  Dunn:— On  page  183,  Professor  Ryan  eays: 
*'  Where  there  are  periodic  and  momentary  fluctuations  of  the 
heavy  current,  the  balancing  current  will  be  drawn  from  the  same 
source,  suffering  practically  the  same  fluctuations,  thus  eliminat- 
ing the  error."  I  do  not  know  that  I  correctly  understand  that. 
It  seems  on  reference  to  Fig.  I,  that  if  the  current  passing  through 
the  instrument  a-e,  and  going  through  the  one  heavy  convolu- 
tion around  the  little  transformer,  were  to  vary  suddenly,  that 
would  not  necessarily  make  the  current  in  coil  b  vary  equally, 
and  consequently  always  balance  it,  because  the  current  in  coil  b, 
as  it  is  drawn  here,  appears  to  be  taken  across  the  poles  of  the 
generator  d,  c,  in  other  words,  in  proportion  to  the  voltage  of 
the  generator.  Whereas  the  current  in  the  coil  a  is  current  that 
is  actually  being  drawn  from  the  generator.  The  reason  I  ask 
this  question  is  that  if  I  understand  the  diagram  right,  this  ar- 
rangement will  not  permit  you  to  get  increase  of  current,  but 
only  measurement  of  current  at  particular  values,  after  which 

f  articular  values  you  must  adjust  by  hand  the  water  rheostat  h. 
f  this  is  the  case,  its  usefulness,  while  still  exceedingly  great,  is 
limited  more  to  calibration  than  to  indication.  I  sympathize  with 
Professor  Kyan  in  regard  to  the  costs  of  connecting  up  instru- 
ments for  measuring  large  currents.  It  is  only  within  the  last 
few  days,  in  connection  with  my  work,  that  I  had  to  authorize 
the  expenditure  first  of  a  hundred  dollars  or  so  for  the  shunt, 
and  a  milli-voltmeter,  and  then  nearly  another  hundred  dollars 
for  heavy  copper  castings  and  lugs  and  conductors  and  tips  and 
bolts  and  things,  in  order  to  make  these  other  parts  useful,  and 
some  way  to  avoid  that  is  very  desirable.  But  from  what  I  read 
in  the  paper,  I  do  not  understand  that  Professor  Ryan  intends 
his  method  to  be  used,  for  instance,  where  a  set  of  observations 
are  desired,  under  a  condition  of  varying  current,  as  in  the  case 
of  dynamo  testing,  with  the  loads  continually  varying. 

Dr.  Sheldon  : — On  page  169,  in  the  second  paragraph,  the 
statement  is  made  that  "  Where  two  direct  current  carrying  coils 
of  similar  dimensions  are  placed  side  by  pide  and  linked  with  a 
closed  laminated  iron  core  of  low  reluctance  the  permeability  of 
this  core  for  alternating  magnetic  flux  will  be  a  maximum  when 
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the  ampere  tarns  of  the  two  coils  are  equal  and  opposite."  I 
should  think  that  two  coils  of  that  character  wonld  exactly  neu- 
tralize each  other,  and  therefore  there  would  be  no  ma^eto- 
motive  force.  If  that  were  the  case,  the  iron  core  would  be 
exactly  in  a  neutral  condition.  Now,  if  the  iron  core  have  the 
ordinary  form  of  magnetization  curve  with  the  instep,  the  shin, 
the  knee  and  the  thigh,  the  permeability,  which  is  equal  to  the 
flux  density  divided  by  the  ma^etizing  force,  would  be  a  maxi- 
mum not  when  there  is  a  zero-lux,  but  when  the  iron  is  magnet- 
ized in  either  one  direction  or  the  other  to  a  point  somewnere 
near  the  knee  of  the  curve.  The  indication  on  the  electro- 
dynamometer,  o,  would  be  a  maximum  when  there  was  an  excesa 
01  ampere  turns  in  either  the  large  current  coil  or  the  low  cur- 
rent coil ;  that  is,  at  the  exact  neutral  magnetic  condition  of  the 
iron  when  the  two  magneto-forces  are  exactly  equal  and  oppo- 
site, it  would  not  give  a  maximum  .deflection  in  the  electro- 
dynamometer. 

Professob  Ryan: — If  I  may  answer  these  Questions  at  this 
point  it  will  facilitate  my  keeping  them  in  mina  during  the  dis- 
cussion. As  to  the  point,  first  of  all,  brought  up  by  Mr.  Dunn,  I 
should  be  sorry  if  the  paper  were  interpreted  as  though  I  meant 
to  advocate  that  this  method  should  be  used  for  anv  other  pur- 
pose than  merely  to  calibrate  instruments  of  the  milli-voltmeter 
and  shunt  type  already  installed.  If  one  mutt  put  those  instru- 
ments into  circuits  for  the  measurement,  presumably  with  labora- 
tory facilities,  they  have  been  calibrated  with  reference  to  low 
resistance  standards.  But  the  method  is  intended  more  particu- 
larly for  the  calibration  of  switchboard  instruments  that  are  very 
excellent  if  one  simply  knows  their  constants  or  knows  that  they 
are  right  as  to  adjustment.  It  is  a  zero  method,  and  Mr.  Dunn  i& 
right  m  calling  your  attention  to  the  fact  that  as  such  it  can  have 
no  practical  value  for  any  other  than  calibrating  purposes.  It  is 
to  avoid  the  trouble  that  he  spoke  of,  of  having  to  make  the  ex- 
pensive and  troublesome  heavy  current  connections  for  chf eking 
up  instruments,  that  this  method  is  to  be  used.  Station  instru- 
ments as  now  ordinarily  made  can  very  well  be  used  for  testing 
purposes,  or  for  the  ordinary  purposes  tnat  come  up  as  duty  in  the 
station,  if  one  only  knows,  after  they  have  been  used  for  some 
time,  what  their  character  is  as  to  adjustment — knows  that  they 
are  right,  or  if  they  are  off,  how  niucli  they  are  off. 

As  to  the  point  that  Dr.  Sheldon  has  just  now  brought  forward 
with  regard  to  magnetic  action  that  goes  on  in  the  magnetic  cir- 
cuit, the  very  reason  why  we  have  adopted  the  alternating  current 
test  here,  or  rather  permeability  to  alternating  flux  test,  is  in 
order  that  the  trouble  of  all  sorts  that  comes  from  the  irregular 
portion  of  the  b-h  curve  of  iron  will  be  eliminated.  We  thought 
of  a  great  many  plans  by  means  of  which  we  would  not  have  to 
resort  to  the  driving  commutator  and  the  alternating  permeability 
test  that  we  have  finally  adopted  in  that  method,  and  found  none 
so  satisfactory  as  this.     On  thinking  the  matter  over  and  remem- 
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bering  the  nature  of  iron  on  the  basis  of  the  b-h  curve,  jon  will 
remember  that  permeability  for  reversal  under  magneto-motive 
force  is  a  maximum  so  long  as  it  is  being  done  symmetrically 
about  the  axis.  Anything  that  offsets  it  in  regard  to  the  zero  line 
gives  you  a  smaller  range  of  travel  for  a  given  alternating  effect 
plus  a  constant  effect  than  yon  otherwise  would  obtain. 

Dr.  Abtijt]r  E.  Kennblly  : — The  paper  is  interesting,  if  only 
for  illustrating  the  modern  tendency  to  turn  to  alternating  currents 
when  we  encounter  difficulties  with  direct  currents.  A  snort  time 
ago  we  had  so  much  difficulty  in  calibrating  alternating  apparatus 
that  we  used  to  have  recourse  to  direct-current  methods.  Now 
the  tables  seem  to  have  turned,  and  Professor  Ryan  goes  to  alter- 
nating currents  in  order  to  facilitate  direct-current  calibration. 

The  plan,  as  I  understand  it,  is  both  interesting  and  ingenious, 
and  consists  in  determining  when  there  is  zero-flux  in  a  magnetic 
circuit  operated  upon  by  two  continuous  magneto- motive  forces 
in  opposite  directions,  one  being  from  a  single  turn,  carrying  the 
powerful  current  to  be  measured,  and  the  other  being  from  many 
turns,  carrying  a  small  measured  current.  If  I  understand  the 
matter  correctly,  and  I  have  only  just  seen  the  paper,  the  alternat- 
ing-current theory  applies  in  the  manner  suggested  bv  Professor 
Ryan  just  now,  inasmuch  as  for  cyclical  alternations  t&eir  ampli- 
tude is  greatest,  as  he  says,  just  at  the  zero  point  of  flux  in  the 
magnetic  circuit,  although  for  direct-testing  currents  the  criticism 
made  by  Dr.  Sheldon  would  no  doubt  apply.  There  is  one  diffi- 
culty that  occurs  to  me,  and  that  is  in  regard  to  hysteresis.  Sup- 
pose the  big  current  through  the  single  turn  were  applied  first ; 
that  would  magnetize  the  iron  up  to  a  certain  extent.  Then  sup- 
pose the  small  current  applied  through  the  many  turns. 
Although  the  two  magneto-motive  forces  might  be  equal,  and 
might  have  zero  effect  if  turned  on  simultaneously,  there  might 
be,  under  the  preceding  conditions,  a  residual  magnetism,  due  to 
hysteresis,  and  I  suppose  that  unless  that  is  wiped  out  by  the 
testing  alternating  current  the  permeability  would  be  affected 
thereby  and  the  results  vitiated.  I  suppose  the  alternating  cur- 
rent must  have  sufficient  magnitude  to  erase  that  residual  mag- 
netism. I  see  Professor  Ryan  indicates  that  my  supposition  is 
right. 

It  seems  to  me  that  the  apparatus  ought  to  be  very  useful  for 
application  in  power  stations  and  where  elaborate  apparatus  can- 
not be  availed  of.  But  I  suppose  that  Professor  Ryan  would  not 
recommend  this  method  to  supersede,  for  laboratory  testing,  the 
calibration  of  ordinary  apparatus. 

Profkssob  Ryan  : — l)r.  Kennelly  is  right  in  interpreting  the 
view,  at  any  rate,  that  I  have  with  regard  to  the  alternating  current 
equalizing  this  hysteresis  effect.  The  alternating  magneto- 
motive force,  whatever  the  difference  may  be,  owing  to  the  coming 
on  at  different  instants  of  these  two  sets  of  direct  magneto-motive 
forces  will  cause  that  difference  to  disappear.  We  have  found  it 
so.    We  have  been  very  careful  to  examine  that  point.    That  is 
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one  great  i^eason  why  we  had  to  come  to  the  nee  of  the  alterDating 
magneto-motive  force.  By  no  other  method,  though  we  tried  a 
great  many,  could  we  get  over  these  very  difficulties  that  Dr. 
Kennelly  and  Dr.  Sheldon  have  spoken  of. 

•  I  do  not  at  all  wish  to  put  the  method  in  competition  with  the 
refined  method  of  adjusting  an  instrument,  the  Seichsantalt  low 
resistant  heavy  current  standard,  and  the  Clark  cell  and  the  po- 
tentiometer, or  a  laboratory  pattern  of  the  milli- voltmeter,  as 
made  by  an  eminent  maker  of  electrical  instruments — not  at  all. 
Bat  you  cannot  take  your  laboratory  facilities  with  you  into 
electric  light  and  power  stations,  while,  with  these  coils,  you  can 
consume  very  little  time  in  applying  the  calibrating  transformer 
method.  I  think  it  is  well  to  remember  that  the  laboratory 
methods,  using  the  Keichsantalt  standard,  while  splendid  in  the 
laboratory,  will  consume  too  much  time  and  require  one  to 
use  expensive  connections  for  their  application  in  the  power 
house. 

Mr.  C.  O.  Mailloux  ; — I  understand  this  method  to  be  a  zero 
method,  which,  however,  diflfers  from  most  zero  methods  in  so  far 
as  the  indicating  instrument  does?'  not  indicate  zero  reading  when 
the  zero  point  is  reached,  but  indicates  a  maximum  reading  ;  that 
is  to  say,  in  this  case  when  the  point  of  zero  flux  in  the  core 
of  the  special  transformer  is  reached,  the  galvanometer  g  gives 
the  largest  deflection.  I  would  like  to  ask  Professor  Ryan,  if 
this  be  the  case,  wliether  it  would  not  be  possible  to  make  the 
transformer  coil  J,  such  that  instead  of  having  t«.  step  down  from 
the  coil  «,  it  would  step  up ;  in  other  words,  use  a  coil  having  a 
very  large  number  of  turns  of  fine  wire,  and  then  simply  connect 
the  terminal  of  that  coil  to  an  ordinary  alternating  current  volt- 
meter. It  seems  to  me  that  if  instead  of  stepping  down  and  get- 
ting a  very  delicate  deflection,  he  were  to  step  up  and  decrease 
the  action,  that  he  would  then  be  able  to  get  an  action  sufficiently 
great  to  show  indications  on  the  ordinary  voltmeter  such  as  are 
made  for  alternating  current,  and  as  the  operation  is  one  which  is 
read  by  reference  to  the  largest  deflection,  it  seems  to  me  that  he 
would  be  able  to  get  as  good  accuracy  by  that  means  as  by 
the  use  of  the  very  delicate  milli-voltmeter  or  of  the  galvano- 
meter o. 

Professor  Eyan  : — In  reply  to  the  point  brought  up  by  Mr. 
Mailloux,  we  adopted  this  plan  for  the  reason  that  there  is  some 
practical  value,  I  think,  in  being  able  to  use  one  of  the  milli- 
voltmeters  of  the  same  type  that  is  used  for  ammeters,  that  one 
applies  this  method  ordinarily  to,  to  calibrate.  That  is,  however, 
but  one  reason,  and  rather  an  unimportant  one,  I  think.  The 
most  important  factor  determining  this  way  of  applying  the  bal- 
ance test,  or  alternating  permeability  balance  test,  has  been  that 
we  must  not  introduce  too  much  activity  of  an  alternating  char- 
acter there,  or  by  mutual  induction  there  will  be  interference. 
The  method  will  not  have  the  same  integrity  that  it  has  with  the 
smaller  alternating  activity  of  flux  densities  and  periodicity  that 
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you  can  so  easily  make  use. of  by  applying  the  direct  current 
instrument  to  test  for  balance  through  the  two-part  commu- 
tator. 

Mr.  Hanchett: — Would  it  be  possible  to  open  the  magnetic 
circuit,  and  introduce  therein  a  D'Arsonval  coil  neutralizing  any 
residual  magnetism,  if  such  occurs,  by  means  of  an  alternating 
current  coil  wound  on  the  same  core?  A  D'Arsonval  coil,  if  a 
voltage  were  applied  to  it,  would  deflect  if  there  were  any  flux,, 
and  would  remain  at  zero  if  there  were  zero  flux. 

Professor  Ryan  : — We  began  with  those  models,  and  had  ta 
come  to  this  arrangement.  We  had  that  one  and  a  number  of 
other  models  modified  a  good  bit  from  the  one  that  has  just  been 
brought  up,  and  met  with  no  success.  I  do  not  mean  to  say  that 
final  .success  could  not  be  obtained  that  way,  but  we  were  not 
able  to  make  progress,  and  further  discussion  of  the  matter  as  to 
why  not,  would  involve  a  number  of  wee  little  tilings  that  made 
our  experience  with  the  method  in  attempting  to  use  those 
models  rather  a  discouraging  one  for  the  time  being. 

Mr.  Townsend  Woloott:— Mr.  President,  1  would  like  to  ask 
Professor  Kyan  one  question  in  regard  to  the  maximum.  How 
rapidly  does  the  permeability  vary  in  the  neighborhood  of  the 
maximum  value ;  in  other  words,  how  accurately  can  the  maxi- 
mum point  be  determined  %  Most  maxima  occur  where  the  dif- 
ferential coefficient  of  the  function  iszero^  and  the  rate  of  change 
is  usually  very  small  in  the  immediate  neighborhood  of  a  maxi- 
mum, on  both  sides,  and  the  maximum  is  consequently  difiicult  to 
locate  accurately  by  measurement. 

Professor  Ryan  : — In  reply  to  that  matter,  I  may  state  that 
you  will  find,  any  of  you,  in  trying  the  method,  that  the  maxi- 
mum is  very  crisply  defined.  1  mean  by  that,  however,  that  it  is 
defined  within  such  narrow  limits  in  the  balancing  coil,  that  the 
errors  of  determination  are  within  those  that  we  care  anything 
about  for  engineering  purposes,  namely,  a  quarter  of  one  per 
cent. 

The  President  : — I  would  like  to  ask  Professor  Ryan  if  he 
found  that  it  made  any  difference  whether  the  current  to  be 
measured  is  brought  from  a  lower  value  up  to  the  desired  read- 
ing, or  is  brought  down  to  that  reading;  that  is,  is  the 
effect  of  a  previous  increase  or  decrease  in  the  main  current 
noticeable  ?  In  other  words,  does  the  alternating  current  en- 
tirely wipe  out  a  residual  magnetic  effect  that  might  have  been 
induced  by  an  increasing  as  distinguished  from  a  decreasing  cur- 
rent ? 

Professor  Ryan: — We  have  found  that  it  does, with  the  pro- 
portions that  are  advised  in  this  paper  You  are  not  able  to  dis- 
tinguish as  to  the  value  obtained,  whether  you  come  to  the  balance 
by  bringing  the  balancing  current  there  from  a  lower  value  to  a 
higher  value, and  thus  to  the  balancing  point,  or  by  first  going  up 
and  then  dropping  down  to  it ;  the  same  values  are  obtained  either 
way. 
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The  President:— That  is,  because  jon  use  an  alternating  cur- 
rent in  the  testing  apparatus  ? 

Professor  Ryan  : — Yes. 

The  President: — It  would  probably  not  be  the  case  if  the 
arrangement  just  suggested  by  Mr.  Hanchett  was  used,  because 
there  would  probably  be  an  after  eflFect  of  the  current. 

Professor  Eya.n  : — There  would  be  that,  and  the  insertion  of 
a  gap  in  the  core  induces  many  troubles. 

The  President  : — Do  you  not  have  to  be  very  careful  about 
the  magnetic  leakage  ?  In  other  words,  do  not  tne  windings  of 
the  two  direct  currents  have  to  be  in  very  close  proximity  to 
each  other  and  absolutely  symmetrical  with  each  other?  Because 
it  seems  to  me  that  if  there  is  magnetic  leakage  between  them, 
due  to  those  strongly  magnetizing  currents,  it  would  produce 
quite  an  error  in  the  reading. 

Professor  Ryan  : — The  matter  just  referred  to  we  went  into 
quite  carefully,  and  find  that  b^  adopting  the  type  of  transformer, 
as  stated  in  the  paper,  and  which  I  illustrated  by  means  of  a  lan- 
tern slide,  and  disposing  of  it  in  the  manner  there  shown,  one  is 
not  then  called  on  to  incur  any  risk  in  this  respect  whatsoever, 
,accoixiing  to  our  experience.  In  other  words,  the  disposition  of  the 
balancing  coil  and  its  core,  with  reference  to  the  conductor  carry- 
ing the  neavy  current,  must  be  such  as  to  produce  a  local 
field  on  the  part  of  the  one  coil  through  the  core  that  is  not 
pronouncedly  different  from  the  local  held  that  is  produced  by 
the  other  conductor  or  coil.  Now  for  the  core  that  passes  around 
the  conductor,  with  the  balancing  coil  mounted  upon  it,  going 
entirely  around  that  core,  and  giving  to  the  core  and  the  balancing 
coil  thereon  wound,  an  outline  that  corresponds  to  the  conductor 
cross-section,  one  incurs  no  risk  of  error  in  this  respect  whatsoever, 
according  to  our  studies.  The  case,  for  example,  that  we  had  on 
the  screen,  that  same  coil  which  we  there  used  for  calibrating  the 
4,000-ampere  ammeter,  we  used  likewise  on  a  750-ampere  circuit, 
where  the  conductor  carrying  the  current  was  very  much  smaller. 
We  placed  that  at  the  center  of  the  rectangular  core.  Immediately 
on  one  side  was  the  equalizer  blade  of  the  same  switch  carrying 
current.  That,  however,  would  not  produce  error,  because  any 
stray  field  that  it  sets  up  is  in  common  with  the  magneto-motive 
force  action  of  the  balancing  coil  and  the  main  conductor  that  is 
carrying  the  heavy  current  that  passes  through  the  balancing  coil. 
With  that  design  of  transformer  that  is  here  advised,  whatever 
leakage  defects  there  are,  they  occur  in  such  a  respect  that  there 
is  no  interference  with  the  indication  of  the  true  balance.  The 
balancing  coil  does  not  present  in  efiect  more  ampere  turn  than 
the  actual  number  that  it  possesses,  nor  does  it  present  less. 

There  beingno  further  discussion,  the  following  paper  by 
Professor  F.  W.  Bradv  on  "Electricity  in  Mountain  Jtfines" 
was  read  by  Dr.  Sheldon  for  the  author. 


Digitized  by  VjOOQIC 


A  /m/er  rttid  at  iht  tjjd  Mteiing  of  tkt  Amer- 
ican Institute  ef  Electrical  Engineers.^  New 
Yerk^A^ilzbth^iqot.  President  Heringin 
the  Chair. 


ELECTRICITY  IN  MOUNTAIN  MINES. 


BY  FRANK   W.  BBADY. 

As  the  theories  which  are  fundamental  in  the  generation  and 
transmission  of  electrical  energy  have  been  very  largely  repre- 
sented in  the  proceedings  of  the  Ikstitdte  in  papers  of  more  or 
lets  heavy  character,  the  writer  has  thonght  that  it  wonid  not  be 
out  of  place  to  present  a  descriptive  article.  The  pnrpoRe  is  to 
give  the  particulars  and  details  of  a  few  plants  illustrating  the 
general  conditions  and  difficulties  to  be  encountered  in  making 
three  different  kinds  of  installations,  a  classification  depending 
upon  the  location  of  the  mines,  viz.,  those  reached  only  over 
burro  trails,  those  by  aerial  wire  rope  tramways,  and  the  ones 
having  wagon  roads  of  various  grades  and  conditions. 

In  the  Kocky  Mountain  district  there  are  a  large  number  of 
electric  mining  plants  ranging  from  that  of  a  single  diamond 
prospecting  drill  to  those  operating  a  great  variety  of  machinery 
and  requiring  several  hundreds  of  horse  power.  Although  there 
are  some  restrictions  to  its  use,  the  application  of  electricity  in 
such  plants  is  ideal,  in  fact,  any  other  style  of  operation  is  pro- 
hibitive. Wood,  water  and  coal  are  not  available  in  many  cases, 
and  the  mines  are  located  frequently  on  the  face  of  precipitous 
cliffs,  and  inaccessible  except  over  a  trail  or  an  aerial  tramway. 
While  this  is  true  of  those  already  equipped,  there  are  other 
mines  waiting  for  similar  improvements,  cases  where  it  is  nec- 
essary for  some  one  to  '^Find  out  mens'  want  and  need,  and  meet 
them  there  " 

The  use  of  electricity  has  greatly  improved  the  methods  of 
working  the  mines  and   gives  a  corresponding  increase  in  their 
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value.  *  A  large  number  now  have  electrically  lighted  tunnels  and 
mine  buildings,  electric  driven  hoists,  air  compressors  to  operate 
drills  and  forges,  pumps,  drills,  blowers  and  mills.  Of  course 
electricity  in  mining  operations,  like  its  applications  in  all  other 
industries,  has  been  a  gradually  progressing  science,  its  present 
perfection  being  the  outcome  of  many  trials  and  failures,  mis- 
takes and  disappointments. 

Beautiful  creations  of  the  designer,  the  founders'  art,  and  the 
machinists'  pride  have  left  the  assembly  room  with  cheers  for 
*'  bon  voyage,"  but  alas  never  to  perform  a  useful  service,  unless 
'tis  "mens'  want  and  need"  to  increase  the  dump  of  some  mine 
or  add  to  the  momentum  of  an  avalanche  of  tin  cans  in  themoun* 
tain  gulches. 

Imagine,  if  you  can,  a  cast  iron  drum  4^x5  ft.,  weighing 
3500  pounds,  and  made  all  in  one  piece,  to  be  transported  over  a 
burro  trail,  places  in  which  a  tenderfoot  would  hesitate  to  tread! 
Such  designs  have  a  delightful  car  ride  of  more  than  1000  miles 
only  to  find  a  final  resting  place  two  or  three  miles  from  the 
mine  where  intended  to  be  used. 

The  first  requirement  in  making  such  mining  installations  is 
to  get  reliable  data  of  the  capacity  of  the  water  power.  Gen- 
erally the  plants  installed  far  exceed  the  power  available  to  drive 
them.  The  report  of  the  constructing  engineer  should  be  very  ela- 
borate, not  only  regarding  the  water  power,  but  also  in  regard  to 
conditions  in  the  mine,  the  methods  of  transportation,  special  re- 
quirements in  design  of  apparatus,  maximum  weight  of  parts 
and  dimensions,  the  topography  of  the  district  for  pipe  lines, 
transmission  lines,  etc.  As  mountain  streams  are  so  variable,  it 
requires  measurements  for  a  period  of  several  years  to  get  any 
reliable  basis  to  work  on.  From  the  YQvy  nature  of  the  case, 
such  installations  are  far  from  the  base  of  supplies  and  in  loca- 
tions often  where  little  or  no  mechanical  or  electrical  work  has 
ever  been  previously  attempted.  Even  at  best,  an  unlimited 
number  of  schemes  and  devices  must  be  worked  out  on  the  spot 
to  facilitate  the  transportation,  construction  and  operation  of  the 
plant. 

It  must  be  understood  that  in  making  any  legitimate  installa- 
tion the  purchaser  from  his  standpoint  insists  upon  quality  of 
apparatus  and  construction  and  certainty  of  operation,  the  plant 
filling  the  needs  of  the  mine  in  all  the  particulars  guaranteed 
before   its  adoption.     On  the  other  hand,  the  contractor  wishes 
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the  plant  erected  at  minimum  cost,  and  to  be  promptly  accepted 
and  paid  for. 

The  plant  of  the  American  Nettie  Gold  Mine,  of  Ouray,  Colo, 
is  a  good  example  of  an  installation  in  which  all  the  mine  ma- 
chinery and  most  of  the  materials  for  the  transmission  line  were 
transported  from  the  railway  over  a  burro  trail.  The  source  of 
power  for  the  plant  is  the  Uncompahgre  Kiver,  a  dashing  moun- 
tain stream  fed  by  springs  and  heavy  snows  from  a  very  large 
area  of  an  intensely  rugged  range.  There  is  a  considerable  varia- 
tion in  the  volume  of  the  flow  of  the  stream,  the  lowest  being  in 
February  and  March,  when  there  is  the  least  thaw  and  the 
streams  are  frozen.  The  flow  at  this  time  was  found  to  be  960 
cubic  feet  per  minute.  The  river  also  has  a  daily  variation,  being 
lowest  about  three  o'clock  a.m.,  and  highest  in  the  evening.  The 
flow  is  also  cut  off  temporarily  at  times  by  big  snow  slides  which 
close  the  stream  until  it  can  melt  through  them. 

The  highest  water  is  in  early  July,  when  the  first  hot  days  in 
this  region  bring  down  all  the  snow  from  the  immediate  foot 
hills,  iso  measure  was  secured  of  this  flood  stage.  A  30'  log 
dam,  a  penstock  18'  high  x  6'  square,  and  400'  of  4'x5'  flume 
with  sand  box  and  screens  were  erected  in  the  winter  during  the 
lowest  stage  of  water.  Ten  feet  of  the  penstock  was  built  of 
2"x6"  plank  laid  flatwise  in  tar  and  spiked  together ;  upper  8' 
of  2"x4".  Four  1"  anchor  bolts  extended  through  the  entire 
height.  The  pipe  line  was  1400  feet  long  and  30  inches  in 
diameter  and  made  of  No.  14  b  &  s  steel.  These  plates  as  re- 
ceived were  36"x96",  and  weighed  from  ^b  to  70  lbs.  each. 
These  were  punched,  rolled  and  riveted  and  six  sheets  put  to»- 
gether,  the  horizontal  seams  being  double,  and  the  vertical  onea 
single  riveted  and  making  sections  17^  feet  long.  These  sec- 
tions were  then  dipped  in  a  hot  bath  of  maltha  and  coal  tar  and 
thoroughly  coated  inside  and  out.  Ten  barrels  of  the  compound 
were  required  for  the  job.  After  drying  they  were  hauled  to 
the  grade  and  put  together  as  follows  :  beginning  at  the  wheel 
end  the  sections  were  united  by  a  6-inch  telescope  joint.  The 
larger  ends  of  the  sections  were  expanded  by  sprinkling  with 
gasoline  oil  and  firing.  This  process  also  softened  the  compound 
and  aided  in  making  a  tight  joint.  The  sections  were  forced 
together  by  using  a  set  of  triple  blocks  on  each  side,  having  two 
men  operating  each  set  of  blocks  and  a  fifth  man  to  guide  the 
end  of  the  pipe  and  at  the  same  time  jar  it  to  a  tight  fit  by  using 


Digitized  by  VjOOQIC 


194  BRADY  ON  ELECTRICITY  [April  20, 

a  sledge  against  a  block  of  wood  on  the  end  of  the  pipe.  As  the 
line  was  straight,  and  the  fall  not  over  75  feet,  this  stjle  of 
joint  proved  very  effectiTS.  The  wheel  opening  being  24",  a 
reducing  section  was  necessary  at  this  end.  A  14"  manhole  and 
a  hose  connection  were  also  placed  in  this  section.  The  connec- 
tion at  the  penstock  was  enlarged  from  30  to  36  inches  to  allow 
an  cjasj  entrance  for  the  water. 

A  3-inch  air  valve  was  inserted  in  the  pipe  on  the  highest 
vertical  bend.  Most  of  the  pipe  was  laid  on  an  elevated  grade. 
It  crossed  the  stream  from  which  the  water  was  taken,  and  re- 
quired two  special  bridges  for  this  transfer.  Practically  the 
whole  of  the  pipe  was  therefore  subject  to  the  extreme  changes 
of  temperature.  Such  a  pipe  should  be  kept  full  of  water  to 
prevent  undue  expansion  and  contraction.  If  not,  there  will  be 
excessive  leakage. 

The  building  erected  to  house  the  machinery  was  a  two-story 
frame  structure  30'x32',  the  second  story  being  used  as  a  resi- 
dence for  the  operator.  The  plan  was  made  to  accommodate 
duplicate  generators  to  be  operated  by  a  20-inch  double  discharge 
LeflEel  turbine  with  horizontal  shaft  and  friction  clutch  pulleys, 
28"  diameter  x  13"  face,  one  for  each  unit.  The  turbine  with  its 
two  12"x4'  draft  tubes  was  set  on  foundations  as  directed  by  the 
makers. 

The  foundations  for  machinery  and  building  were  made  of 
rock  and  cement.  However,  the  "I"  beams  composing  the  longi- 
tudinal part  of  the  frame  were  deflected  side  wise  by  the  water 
pressure,  and  it  became  necessary  to  bring  them  into  line  again 
by  the  use  of  jack-screws,  and  then  to  extend  the  concrete  founda- 
tion to  the  top  of  the  beams.  The  wheel  was  fitted  with  a  Wood 
governor,  which  worked  very  well  for  small  variations  of  load ; 
but  for  large  ones  like  that  caused  by  the  starting  of  a  compressor, 
it  was  of  no  value  in  this  plant.  When  such  changes  were  to  be 
made,  the  operator  was  notified  by  telephone,  and  hand  regula- 
tion was  applied  to  the  wheel.  Without  this  hand  regulation, 
the  incandescent  lights  would  be  destroyed  when  a  heavy  load 
was  thrown  off.     The  plant  was  operated  continuously. 

The  switchboard  was  made  of  kiln  dried  maple,  and  arranged 
for  the  duplicate  60  k.w.  500-volt  compound  generators. 

The  line  extended  over  a  very  rough  section  of  country,  and 
was  rather  diflScult  both  to  locate  and  to  construct.  There  were 
several  zigzags  so  as  to  cross  the  cliffs  where  it  was  possible  for 
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men  to  approach  the  route.  Trees  were  used  for  poles  wherever 
possible.  Other  poles  were  cut  from  the  nearest  timber,  and 
rolled  or  dragged  into  position,  and  set  in  holes  blasted  from  the 
rock  by  the  use  of  dynamite.  Heavy  guys  and  double  cross- 
arms  were  frequently  used  along  the  line.  The  wire,  000  b  &  s 
bare  copper,  was  received  oo  wooden  spools  in  lengths  of  1000 
ft.  (500  lbs.).  It  was  desired  to  take  about  one-third  of  these  coils 
to  the  mine  and  run  them  out  from  that  end.  As  500  lbs.  was 
too  heavy  for  one  mule  to  carry,  and  as  it  was  preferable  not  to 
cut  the  wire,  they  were  transported  as  followed :  The  wooden 
spools  were  removed  from  the  wire,  and  the  coils  separated 
into  four  parts  with  connecting  links.  Two  of  these  were 
placed  on  the  pack  saddle  of  one  mule,  one  on  each  side,  so  as 
to  balance.  The  other  two  were  similarly  placed  on  a  second 
mule,  the  animals  being  connected  by  the  10  or  15  ft.  of  wire 
between  the  two  loads.  The  outfit  could  then  move  single  file 
up  the  trail.  At  the  mine  the  four  sections  were  replaced  on  the 
spools,  which  served  as  reels  when  placed  on  a  spindle  anchored 
to  a  tree.  The  end  of  the  wire  was  passed  through  a  friction 
clutch  made  of  two  pieces  of  plank  bolted  together,  and  then 
guided  down  the  route  of  the  poles  by  several  mea.  A  second 
section  was  then  spliced  and  soldered  to  the  first,  and  the  opera- 
tion continued  until  3000  ft.  of  wire  was  drawn  out,  1500  ft. 
on  each  side.  Other  sections  were  then  drawn  out  by  men  and 
horses  from  the  various  locations  along  the  route,  which  could  be 
most  easily  reached,  for  the  total  length  of  4400  ft.  The  com- 
pleted joints  were  made  Western  Union  style  and  soldered  by 
pouring  the  molten  solder  over  them.  The  wire  was  laid  up  and 
drawn  into  position  in  the  usual  manner.  Special  railway  in- 
sulators were  used  to  anchor  the  wire  on  the  tops  of  high  bluflfs. 
Care  should  be  taken  in  such  rough  country  to  set  the  cross-arms 
on  the  poles  so  that  the  grooves  of  the  insulators  will  be  in  line 
with  the  wire,  also  that  such  construction  be  made  extra  good  and 
strong. 

The  mine  consisted  of  a  series  of  tunnels  opening  in  the  face 
of  quartzite  ledges  on  the  mountain  side  at  an  elevation  of  about 
9500  ft.  These  tunnels  were  connected  by  a  network  of  ex- 
<»vations  from  which  ore  had  been  taken.  The  tunnels  were  of 
irregular  size,  varying  from  that  of  a  rectangle  less  than  4x6 
to  very  large  rooms  or  cavities.  The  mine  was  practically  dry, 
though  some  water  accumulated  in  two  or  three  places. 
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The  mine  equipment  besides  incandescent  lights  in  the  tun- 
nels and  buildings  was  as  follows:  one  12''xl2'' high  altitude 
type  of  Norwalk  compressor,  a  No.  4^  Baker  blower,  and  a  Lid- 
gerwood  hoist.  The  machines  were  housed  in  good  sized  rooms 
made  of  boards  and  corrugated  iron.  It  is  necessary  to  cover 
Buch  machines  with  a  tight  and  strong  roof  to  prevent  small 
pieces  of  rock  from  dropping  into  the  working  parts.  A  sub- 
stantial room  for  ea,,ch  machine  is  advisable,  which  can  be  locked 
to  prevent  meddling  by  employes  other  than  the  ones  directly  in 
charge. 

The  compressor  was  set  in  an  offset  from  the  main  tunnel 
about  lOOo  feet  from  the  entrance,  and  near  the  work  to  be  done. 
This  method  of  location  is  important,  as  it  saves  power,  cost  of 
installation,  and  avoids  loss  by  leakage  of  pipes.  No.  0  b  &  s  in- 
sulated wire  was  used  in  this  tunnel.  The  compressor  was  op- 
erated by  a  35  k.w.  shunt  motor  geared  on  the  same  bed  plate. 
The  air  receiver  30"  in  diameter  x  10',  was  located  about  20  feet 
from  the  compressor.  The  jackets  of  the  air  cylinders  and  the 
intercooler  were  supplied  with  water  from  two  735  gallon  tanks 
located  about  100  feet  from  the  compressor.  A  centrifugal  pump 
was  driven  by  belt  from  the  intermediate  shaft  of  the  machine, 
and  forced  the  circulation  ot  the  water  through  suitable  piping. 
From  10  to  18  gallons  of  water  per  minute  were  passed  through 
the  compressor,  and  kept  it  in  fair  condition.  The  speed  of  the 
compressor  varied  from  150  to  200  revolutions  per  minute,  and 
when  operating  two  Ingersoll-Sargept  drills  and  furnishing  blast 
for  one  forge  at  a  pressure  from  60  to  80  lbs.,  the  motor  required 
from  65  to  80  amperes  at  450  to  475  volts. 

The  No.  4^  Baker  blower  was  located  about  200  feet  in  the 
tunnel  in  the  "Y"  formed  by  a  branch.  A  15''  galvanized  iron 
pipe  extended  from  the  blower  to  near  tlie  head  workings.  The 
blower  was  operated  by  a  6  k  w.  shunt  motor  arranged  with  a 
reversing  switch  so  that  the  smoke  could  be  exhausted  directly 
from  the  head  of  the  mine  without  scattering  it  through  the  other 
tunnels.  Also  by  this  method  fresh  air  could  be  sent  directly  to 
the  miners,  and  the  work  carried  on  with  the  least  interruption 
possible.     The  blower  required  7  to  10  amperes  at  475  volts. 

The  hoist  was  set  up  in  a  branch  from  the  extreme  inner  end 
of  the  Hjain  tunnel  some  300  feet  from  the  compressor.  It  was 
of  the  Lidgerwood  style,  operated  by  a  25  k.w.  series  street  car 
motor  controlled  in  the  same  manner.     It  was  arranged  with  a 
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drum  for  600  feet  of  f"  wire  rope  in  one  layer.  The  shop  test  of 
the  motor  showed  1300  lbs.  raised  600  feet  per  minute.  The  nor- 
mal load  was  700  lbs.  at  600  feet  per  minute. 

The  wire  in  the  tunnels  was  of  heavy  weather  proof  insulation 
tied  to  heavy  porcelain  insulators  bolted  to  wooden  pins  which 
were  driven  into  holes  drilled  in  the  quartzite  roof  and  walls. 
The  location  of  the  holes  for  the  insulator  supports  so  as  to  have 
the  wire  clear  all  obstructions,  was  done  by  two  men,  each  with 
a  lighted  candle.  By  holding  a  candle  at  one  pin  and  the  other 
a  few  feet  ahead  at  such  points  as  allowed  the  lights  to  be  seen 
by  both  men,  the  proper  places  for  the  pins  were  rapidly  located. 
Tliere  was  a  heavy  condensation  of  moisture  on  the  insulators  and 
wire.  This  was  effectively  prevented  by  coating  them  with  p  &  b 
paint. 

One  of  the  greatest  troubles  experienced  in  the  operation  of 
high  altitude  electrical  plants  is  from  lightning.  Electrical 
storms  are  of  very  frequent  occurrence,  heavy  discharges  from 
the  lines  occurring  sometimes  during  clear  weather.  The  arrest- 
ers used  on  this  plant  were  of  the  General  Electric  Co.  magnetic 
blow-out  type.  Four  were  placed  at  the  mine,  and  two  at  the 
station.  As  the  mine  was  a  dry  one,  it  was  difficult  to  get  a  suit- 
able ground  at  that  end.  A  good  sized  basin  was  blasted  out  of 
the  quartzite  near  the  mouth  of  the  tunnel,  and  this  was  filled 
with  charcoal,  and  the  arresters  grounded  to  a  copper  plate  placed 
in  it.  The  basin  was  kept  damp  by  water  occasionally  thrown 
in  it. 

The  transportation  of  the  station  materials  and  machinery  was 
done  by  wagons  in  the  usual  manner.  The  equipment  for  the  mine 
had  to  be  taken  over  a  very  steep,  crooked  and  more  or  less  dan- 
gerous trail.  All  apparatus  had  to  be  entirely  dismantled.  The 
small  parts  and  attachments  were  packed  in  ore  sacks  and  carried 
on  bnrros.  The  next  larger  sizes  such  as  bearings,  small  gears, 
pulleys,  etc.,  were  wrapped  in  sacks  and  loaded  on  mules.  All 
pieces  too  heavy  for  mules  or  of  such  shape  that  they  could  not 
be  balanced  on  the  pack  saddles,  were  moved  on  sleds.  These 
sleds  were  made  of  2"  x  4"  pine,  from  three  to  eight  feet  long, 
and  having  a  width  of  20  inches.  A  sled  was  used  for  each  of 
the  pieces  such  as  armatures,  fields,  pole  pieces,  sections  of  bed 
plates,  gears,  cylinders,  air  receiver,  etc.,  etc.  Some  of  these 
pieces  required  the  use  of  four  horses  in  tandem  to  move  them 
on  the  trail.     In  passing  the  zigzags,  blocks  and  ropes  with  two 
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horses  palling  down  hill,  was  foand  to  be  the  most  secure  and 
rapid  method.  Several  of  the  parts  of  the  equipment  required 
three  men  with  the  use  of  four  horses,  and  a  good  supply  of  tackle, 
crowbars,  etc.,  working  about  five  days  to  move  each  one  to 
the  mine  from  the  railway  station,  a  distance  of  about  2^  miles. 
Only  a  few  pieces  received  scratches  and  bruises,  and  only  one 
piece  jumped  the  trail,  and  this  fortunately  did  not  sustain  seri- 
ous injury. 

A  rough  test  was  made  of  the  station.  While  not  strictly  ac- 
curate, it  may  be  of  some  value  in  planning  such  installations. 

When  the  output  of  the  generator  was  85  amperes  at  575 
volts,  the  average  velocity  of  the  water  in  the  tail  race  was  188 
feet  per  minute.  The  tail  race  6'  7i"  wide,  x  4'  deep,  x  150'  long, 
was  made  of  planks,  and  had  a  fall  of  ^^"  per  foot.  The  water 
velocity  as  given  was  obtained  by  counting  the  time  for  light 
floats  to  travel  about  three-quarters  of  the  length  of  the  race. 
These  floats  were  placed  in  the  middle,  and  in  various  parts  of 
the  surface  of  the  stream.  The  depth  of  the  water  for  this  load 
was  from  9J  to  10  inches. 

The  approximate  cii.  ft.  per  min.  was  then  as  follows  : 

79i  X  10  X  188       ^^_ 
144 "=  ^^^^• 

Elevation  of  standing  water  in  the  penstock  103'  above  datum. 

"  "  ''        lower  end  of  draft  tubes  26.2'. 

Total  head  =  103  —  2H.2  =  76.8'. 

Friction  loss  in  30-in.  pipe  for  1037  cu.  ft.  per  min.  =  4.3'. 

Effective  head  =  76.8  —  4.3  =  72.5'. 

.      ^           1033  X  62i  X  72.5        ^^^ 
H.  P.  of  water  =  \^^ ~  '^^^• 

85  X  575 
Electrical  h.  p.  output  =  — =7^ —  =  65.5. 

Velocity  of  water  in  tail  race  for  friction  of  station  plus  40  —  20 
0.  p.  3.6  watt  lamps  was  88.8'  per  rain.,  the  depth  4"  =  19.6  eu. 
ft.  per  min. 
H.  p.  of  water  for  friction  plus  the  40  lamps  = 

19.6  X  72i  X  62i  _  ^6  9 
330000 

A  diamond  drill  outiit  for  the  San  Bernardo  silver  mine  of 
San  Bernardo,  Colorado,  presents   an   example   of  construction 
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work  where  it  is  necessary  to  transport  the  machinery  'and 
materials  over  a  wire  rope  tramway.  The  plant  was  also  in- 
BtaUed  in  midwinter  when  the  country  was  buried  in  snow,  many 
of  the  gulches  being  filled,  and  the  tops  of  large  trees  covered 
from  sight.  The  source  of  power  is  Trout  Lake,  a  pretty  pool 
of  water  near  the  summit  of  the  range.  The  same  source  also 
furnished  power  for  the  Telluride  high  tension  long  distance 
transmission  plant  which  has  been  described  in  the  Transactions*. 
A  6  K.w.  250-volt  generator  was  installed  in  the  concentrat- 
ing mill  and  belted  through  a  countershaft  to  one  of  the  two  tur- 
bine wheels  which  operated  the  mill.  The  wheels  had  no  reg- 
ulators, but  operated  the  generator  at  near  enough  constant  speed 
for  all  practical  purposes  for  the  work  when  the  whole  mill  was 
running.  But  when  operating  the  generator  alone,  the  wheel 
was  constantly  racing  with  the  change  of  load,  and  regulation 
was  necessary,  which  was  had  by  putting  a  friction  brake  on  the 
shaft  of  the  wheel  to  be  operated  by  a  hand  lever. 

The  required  2500  feet  of  line  was  erected  in  most  part  on  the 
towers  of  the  tramway.  That  in  the  tunnel  was  fastened  on 
porcelain  insulators  bolted  to  the  framing  timbers. 

It  was  desired  that  no  piece  of  the  machinery  should  weigh 
over  250  lbs.,  but  the  designer  did  not  entirely  comply  with 
this  request.  Fortunately  no  damage  was  caused  by  the  extra 
weight  of  some  pieces.  The  drill  had  to  be  entirely  dismantled, 
and  the  parts  packed  in  ore  buckets,  and  dropped  at  the  nearest 
point  to  the  tunnel  opening.  From  here  they  were  rolled  and 
dragged  through  the  snow  to  the  tunnel.  The  machine  was  set 
up  for  work  some  740  feet  within  the  tunnel.  It  is  the  testi- 
mony of  those  who  have  tried  it,  that  there  is  some  difference 
between  the  ease  with  which  a  complicated  machine  can  be  set 
Tip  in  a  wet  tunnel,  and  in  the  assembly  room  as  conveniently 
arranged  in  the  factory. 

The  drill  was  of  600  feet  capacity,  and  its  total  weight  with 
the  rods  about  5000  lbs.  The  dimensions  were  as  follows: 
Length  9',  width  4',  height  6^'.  The  drill  rod  was  operated  by  a 
2  K.w.  shunt  motor,  which  required  from  6  to  8  amperes  at 
240  volts  for  normal  operation,  and  10  to  12  amperes  when 
choked  up.  A  2i^'x4"  Gould  triplex  plunger  pump  furnished 
water  under  40  to  60  lbs.  pressure  to  the  drill,  this  motor  re- 

1  Trahsactiohs,  vol.  ix,  1892,  p.  480. 
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quiring  about  10  amperes.  The  drill  rods  were  If  outside 
diameter  and  for  f "  core,  and  made  in  8'  sections.  The  outfit 
was  furnished  with  two  bits  set  with  eight  2 -carat  stones  each, 
and  with  five  blanks.  The  machine  drilled  from  7  to  lofeet  per 
day  of  eight  hours  operation,  and  required  a  new! v  set  bit  each 
day. 

As  a  representative  plant  reached  by  a  wagon  road,  that  of 
the  New  York  and  Chance  mines  of  Creed,  Colorado,  may  be 
given.  This  was  not  so  difficult  in  some  respects  to  construct  as 
the  one  for  the  American  Nettie  mine.  All  the  machinery  was 
transported  on  wagons  over  a  road  constructed  at  great  expense 
for  the  mining  district.  The  power  station  is  a  frame  building 
located  on  West  Willow  creek  in  the  canon  behind  Bachelor 
mountain  about  1^  miles  from  Creed.  This  town  consists  of  a 
few  frame  buildings,  tjie  whole  outfit  appearing  as  if  it  had 
been  driven  like  a  wedge  into  the  cailon  until  the  two  rows  of 
houses  had  become  so  squeezed  (the  town  was  built  under  pres- 
sure) that  they  had  to  climb  the  mountain  sides  in  order  to  leave 
a  little  space  between  them  for  the  entrance  of  j>ack  trains  and 
the  inhabitants.  Amethyst  is  located  a  mile  farther  down,  and 
has  more  room.  The  plat  of  the  two  towns  resembles  a  fan, 
Creed  being  the  handle. 

The  cafion  begins  an  abrupt  ascent  at  the  base  of  Bachelor 
mountain,  and  the  wagon  road  follows  a  steep  and  zigzag  course 
to  the  mines,  which  are  in  the  timber  land  near  the  top.  Log 
foundations  were  used  for  the  building  and  machinery.  The 
equipment  consisted  of  a  5'  Pelton  wheel  with  two  nozzles,  4" 
shafting,  and  necessary  pulleys  to  drive  two  generators.  The 
governor  was  of  the  differential  type  operated  by  a  small  water 
motor.  One  multipolar  100  k.w.  500-voIt  direct  current  genera- 
tor was  installed  with  the  necessary  switchboard.  The  line,  5700 
feet,  was  of  Oi»BAswire  with  tree  insulation.  It  followed  a 
deep  gulch  and  thence  over  a  high  and  rocky  cliff  and  across  the 
timber  lands  above  to  an  air  shaft  over  one  of  the  tunnels.  At 
this  point  a  Siemens  lead-covered  cable  of  240,000  circular  mils 
was  attached  and  led  down  the  shaft  and  through  the  tunnel  400 
feet  to  a  hoist.  A  compressor  was  located  along  the  line  about 
Lialf  way  between  the  power  house  and  the  mine.  For  lightning 
protection  there  were  the  magnetic  blow-out  arrestei^s  at  the 
station,  and  a  strand  of  barbed  wire  on  the  tops  of  the  poles  the 
entire  length  of  the  line.     This  wire  was  grounded  frequently  to 
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the  water  pipe  and  to  plates  set  in  the  ground.  The  Rand  com- 
pressor was  driven  by  a  45  k.w.  shunt  motor  belted  to  it.  The 
hoist  was  equipped  with  a  85  h.  p  series  motor  with  street  car 
control.  Such  hoists  are  designed  after  the  usual  plans  which 
have  been  approved  in  the  construction  of  tho^e  operated  by 
steam. 

The  dam  was  made  of  6"x6"  sawed  timber  about  30'  long  xlO' 
high,  X  6'  broad,  the  front  and  back  being  laid  solid,the  two  parts 
joined  by  braces,  and  the  space  between  filled  with  earth.  The 
bottom  was  started  in  a  trench  cut  in  the  rock,  and  the  timber 
work  filled  with  concrete  for  the  first  few  feet.  A  plank  spill- 
way 2'  10''  wide,  x  8^'  long,  x  18"  deep,  carried  the  water  to  the 
penstock.  The  water  pipe  was  of  black  iron,  the  upper  half 
22"  and  the  lower  16"  diameter.  The  total  length  of  2300  feet 
was  made  up  of  four  different  weights  of  iron.  That  at  the 
wheel  was  No.  8  b.  &  s.,  the  remaining  fourths  of  10,  12,  and  14 
B.  <&  8.  respectively.  The  24'  sections  complete  with  horizontal 
Beams,  double  and  vertical  single  riveted,  bolted  flanges,  gaskets, 
etc.,  were  shipi^ed  from  Denver.  The  total  head  was  325  feet, 
and  the  effective  pressure  when  operating  was  145  lbs.  per  inch. 
The  plant  could  be  used  only  part  of  the  year,  as  the  stream  was 
gjenerally  dry  during  the  summer. 
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Discussion. 

Dr.  N.  S.  Keith  : — Mr.  President,  this  paper  is  almost  exactly 
familiar  to  me.  It  rehearses  many  of  the  trials  which  I  have  ex- 
perienced in  the  mountains  of  California  and  of  Colorado  and  in 
other  conntriee'  I  have  no  criticism  to  make  of  it.  I  know  gen- 
tlemen here,  from  their  smiles,  who  work  in  cities,  above  ground, 
and  underground  only  when  in  dry  locations ;  where  they  have 
railroads,  wagons,  horses,  their  men  who  have  had  exper- 
ience in  handling  the  goods,  cannot  appreciate  the  difficnlties 
which  the  engineer,  especially  the  electrical  mountain  engineer, 
meets  everywhere  he  goes,  fie  goes  into  the  highest  monntains, 
15,000  feet  above  the  sea ;  he  goes  into  the  lowest  depths,  two  or 
three  thousand  feet  below  the  surface ;  he  has  water  dripping  upon 
him,  which  runs  continuously  in  the  locations  where  he  is  obliged 
to  put  such  delicate  apparatus,such  we  used  to  consider  them,  as  the 
electric  motor  and  the  generator.  I  need  not  enlarge  upon  these 
facts,  because  they  will  become  familiar  to  some  of  you  who  will 
be  obliged,  in  carrying  out  the  details  of  your  proiession,  to  go 
into  such  localities.  There  the  electrical  engineer  will  be  called 
upon  to  exercise  his  common  sense,  his  adaptability  to  the  con- 
ditions over  which  he  has  no  control  whatever,  but  where  he  has 
to  confine  himself  to  circumstances  which  he  cannot  alter.  lean 
add  one  instance  which  shows  a  variation  in  the  methods  of  con- 
veying electrical  apparatus  to  the  mine.  There  are  three  men- 
tioned in  this  paper,  one  of  which  is  by  a  wagon  road,  another  is 
by  mule  trail,  another  by  an  aerial  tramway.  I  have  a  fourth  one : 
A  plant  which  1  erected  in  the  Alp.s,  in  the  mountains  of  north- 
ern Italv,  in  1896.  The  last  live  Kilometres  of  the  route  from 
England  to  the  mine  at  Pestarina,  at  the  foot  of  Monta  Rosa, 
was  only  approachable  by  a  trail  for  that  distance.  There  were 
but  two  mules  in  the  whole  country,  and  they  were  used  only  in 
the  summer  time  to  carry  tourists  who  desired  to  climb  the  moun- 
tains and  go  to  the  glacier  at  the  foot  of  Monta  Rosa,  and  some  of 
them  have  crossed  the  Swiss  border  into  Switzerland.  Those 
mules  could  not  be  used  for  the  carrying  of  freight;  but  there  was 
a  regular  transportation  line  which  consist^  in  using  the 
backs  of  men  and  women.  The  heaviest  piece  of  apparatus 
which  I  took  in  there  weighed  2,000  pounds ;  that  was  an  arma- 
ture. It  had  to  be  constructed  at  the  shops  in  England  and  taken 
in  that  shape.  The  iield  of  the  generator  was  made  of  laminated 
iron  and  was  put  together,  and  the  coils  slipped  upon  the 
legs  of  the  magnet  m  place.  The  armature  was  carried 
by  sixteea  men  under  a  peculiar  arrangement  of  poles, 
so  they  could  all  carry  at  the  same  time.  It  was  taken  over  five 
kilometres  (3^  miles)  in  that  way.  There  was  another  heavy 
piece  of  machinery,  a  large  turbine,  made  in  Switzerland,  to  be 
taken  in  that  way.  I  have  some  photographs  of  the  methods  of 
transportation  which  were  used  in  carrying  that  apparatus  into  the 
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moantains.  The  power  was  to  be  transmitted  for  a  distance  of 
three  miles,  or  so,  down  into  the  mine  for  the  operation  of  pnmps, 
pumping  a  direct  cohimn  of  90<^  feet  in  height.  Oneof  thedifficul- 
ties  which  shonld  belong  strictly  to  the  mechanical  engineer  or  the 
mining  engineer,  but  which  had  to  be  met  by  the  electrical  engi- 
neer,  was  the  one  of  properly  regulating  the  pressure  of  the  pump 
and  the  column  of  water  which  had  to  be  raised.  These  were 
triple  plunger  pumps.  The  column  of  water  is  not  a  constantly 
flowing  one ;  it  comes  partially  to  rest  between  the  different 
movements  of  the  plunger.  Under  such  extraordinary  pressures, 
the  air  that  is  in  the  water,  and  which  is  used  ordinarily  in  the 
air  chambers,  so  as  to  equalize  these  extraordinary  variations  in 
pressure,  is  absorbed  by  the  water  and  we  had  to  provide  a  pump 
by  which  we  could  pump  air  into  the  air  chambers  of  the  pump. 
In  that  matter  I  had  to  meet  the  ordinary  everyday  Cornish  min- 
ing engineer,  with  his  conceited  ignorance.  He  had  always  op- 
erated a  Cornish  pump  which  lifted  water  a  hundred  feet,emptied 
into  a  vessel,  and  from  that  vessel  lifted  another  hundred  feet.and 
60  on  until  it  reached  the  surface,  900  feet  above  the  source  of 
water ;  he  did  not  at  all  understand  an  air  cylinder  attached  to  a 
pump ;  he  said  it  simply  increased  the  amount  of  power  needed. 
After  a  great  deal  of  trouble  I  was  enabled  to  put  in  the 
proper  air  cylinders.  But  when  I  left  the  country  and  returned 
to  England,  he  removed  those  *air  chambers,  with  the  result  that 
the  pump  was  broken,  and  at  the  same  time  some  of  the  pip^B 
were  burst.  I  only  mention  this  to  show  some  of  the  difficul- 
ties which  the  electrical  mining  engineer  has  to  encounter,  and  as 
an  addition  to  the  items  of  this  papar. 

Mr.  C.  O.  Maillodx  : — I  am  not  an  old  pioneer  like  Dr. 
Keith  ;  I  am  only  what  is  usually  called,  out  West,  a  '^  tender- 
foot;"  yet  I  wish  to  state  that  even  we  Eastern  tender- feet  some- 
times have  occasion  to  visit  the  wild  and  wooly  West  and  to  have 
experiences.  These  experiences  are  usually  valuable.  I  was 
visiting  a  large  water  power  electric  station  in  Southern  Cali- 
fornia a  couple  of  years  ago.  and  after  seeing  the  inside, 
I  went  outside  to  mspect  the  outer  portion  of  the  station, 
and  incidentally  to  take  a  photograph  of  it.  My  guide,  who 
was  one  of  the  station  attendants,  was  very  kind  and 
freely  explained  everything  to  me,  but  he  had  forgotten 
to  explain  one  important  feature  of  the  locality,  which  soon 
proved  to  be  the  most  interesting.  After  examining  the  tail-race 
and  noticing  the  features  of  interest  in  it,  I  tried  to  get  away  to 
a  little  greater  distance  from  the  building  so  that  I  could  include 
a  greater  portion  of  the  building  in  the  picture  when  I  saw  my 
fnend,  who  was  perhaps  ten  feet  away  from  me  startle  somewhat 
unexpectedly.  I  asked  him  what  was  the  matter.  He  said  :  "Oh, 
it  is  nothing  ;  it  is  only  a  rattle-snake."  You  can  imagine  my 
feelings,  i  did  not  have  much  interest  in  photography  for  the 
next  Few  minutes.  He  quickly  killed  the  rattle-snake,  while  I 
quickly  got  into  the  carri&ge  and  went  back  to  the  city. 
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I  have  also  had  occasion  to  camp  out  twenty -five  or  thirty 
mileH  away  from  the  nearest  city  or  town  with  a  party  of  civil, 
hydraulic  and  electrical  en^neers,  investigating  water-power  sites, 
and  I  have  heard  the  cayote  and  the  mountain  lion  disport  them- 
selves during  the  night,  and  heard  the  bat  flit  about  and  make 
things  interesting,  together  with  innumerable  bugs,  mosquitoes, 
etc.  These  experiences  in  distant  climes  have  impressed  on  my 
mind  two  things — first,  the  difficulties  of  transportation,  whicn 
are  very  strongly  put  but  not  at  all  exaggerated  in  the  paper,  and, 
secondly,  the  necessity  on  the  part  of  the  electrical  engineer  de- 
signing an  installation  for  use  in  those  localities,  of  attending  to 
what  I  have  learned  to  designate  the  "  fool-proof "  features  of 
the  installation.  With  reference  to  the  first  point,  I  may  cite  an 
installation  which  I  have  in  hand  in  Arizona,  where  the  item  of 
freight  and  cartage  is  fully  20  per  cent,  of  the  cost  of  the  ma- 
chinery, although  there  is  little  if  any  mountain  climbing  to  be 
done,  the  cartage  being  mostly  over  relatively  level  desert  lands. 
As  to  the  second  point,  the  engineer  should  take  into  considerar 
tion  the  character  of  the  talent  that  is  likely  to  be  called  upon  to 
take  charge  of  the  installation  after  it  is  finished,  and  the  matter 
assumes  sometimes  very  important  proportions,  especially  when 
the  plant  is  one  employing  higher  potentials  for  transmission  to 
long  distances,  and  where  several  generators  are  to  be  used  to- 
gether, especially,  as  is  the  case  in  lower  California,  where  several 
stations  located  at  different  points  all  connect  with  the  same 
transmission  line.  THe  manipulations  incidental  to  the  syn- 
chronizing of  machines,  coupling  them  electrically  together,  the 
regulation  of  the  water-wheels  and  the  regulation  of  the  electrical 
machines,  etc.,  are  at  best,  operations  which  require  a  certain 
amount  of  intelligence;  but  when  these  have  to  be  attended  to  by 
people  whose  general  education  is  none  too  great,  and  whose 
specific  education,  electrical  and  technical,  is  a  vanishing  quan  • 
tity,  one  realizes  the  importance  of  having  the  outfit  so  designed 
that  it  will  require  the  least  amount  of  thoughtand  discretion  on 
the  part  of  the  attendant.  In  other  words,  it  is  absolutely  neces- 
sary that  the  outfit  should  be  made  ^*  fool-proof,"  so  that  not  only 
the  attendant  may  not  be  able  to  do  any  damage  to  the  installa- 
tion, but  even  that  he  may  not  be  able  to  do  any  damage  to  him- 
self, for  in  many  cases  he  might  be  able  to  do  both.  In  discuss- 
ing this  matter  with  the  engineers  of  a  large  company  in  connec- 
tion with  the  Arizona  installation  aforesaid,  I  mentioned  to  him 
that  the  station  equipment  would  likely  be  in  charge  or  in  care 
of  a  type  of  individual,  who  in  Arizona,  they  call  "  zanjero,"  a 
Spanish  term  used  in  irrigated  districts  of  the  Southwest  to  desig- 
nate the  man  who  regulates  the  flow  of  water — a  gateman,  or 
dyke-man,  so  to  speak  ;  and  he  at  once  agreed  that  if  the  man's 
name  is  ^^  spelled  that  way,"  it  is  certainly  necessary  to  make  the 
thing  as  simple  and  as  fool-proof  as  possible. 
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The  Secbetary: — There  appear  to  me  still  other  and  different 
lessons  to  be  taught  by  a  paper  of  this  kind.  In  the  first  place,  it 
appears  to  me  that  the  difficulties  that  the  writer  speaks  of  at  the 
outset  are  due  to  lack  of  engineering,  either  at  one  end  or  the 
other,  or  at  both,  and  evidences  of  the  negotiations  being  carried 
on  by  commercial  men  rather  than  engineers.  One  of  the  first 
things  that  an  engineer  should  know  is  the  location  of  the  plant 
that  he  is  about  to  install,  and  certainly  if  he  could  have  a  chance 
to  see  the  views  that  are  to  be  shown  this  evening  he  would  obtain 
an  idea  of  what  it  is  necessary  to  provide  against.  It  is  the  ten- 
dency of  these  pioneers  and  veterans  to  dwell  upon  the  hardships 
that  a  young  man  will  encounter  in  such  places.  I  was  once  a 
tender-foot  myself,  and  I  know  something  about  electricity  and 
something  about  mountains  and  a  very  little  about  mines,  and  I 
have  had  some  experience  with  mules.  But  my  idea  is  that  any 
of  these  young  men  who  are  brought  up  here  in  the  city  and 
graduate  at  colleges,  if  they  are  nor.  equal  to  any  of  these  emer- 
gencies that  arise  in  cases  of  this  kind,  have  mistaken  their 
calling  and  should  take  up  something  like  an  Episcopal  rectorship. 
As  a  young  man  with  enthusiasm  for  his  profession  meets  those 
difficulties  he  will  grapple  them,  and  his  ability  will  grow  as  the 
difficulties  increase.  I  have  never  yet  seen  a  young  man  of  that 
kind  who  would  simply  lie  down  and  not  carry  a  project  through. 
It  is  all  very  well  for  Dr.  Keith  and  Mr.  Mailloux  to  stand  here 
and  tell  wlmt  you  have  got  to  run  up  against,  and  it  is  very  good 
advice,  but  I  have  seen  a  good  many  young  men  without  experi- 
ence, and  there  were  in  our  party  in  British  Columbia  several 
of  this  class  who  had  never  handled  an  axe  or  never  seen  or 
certainly  never  packed  a  mule  and  never  pulled  an  oar,  who  held 
their  own  against  the  half-breeds  and  woodsmen,  ^nd  would  tackle 
hardships  tfiat  the  othes  would  not  endure,  certainly  not  without 
grumbling.  This  matter  was  brought  to  my  mind  the  other  day 
by  a  letter  which  was  written  to  ray  nephew,  who  had  applied  for 
a  position  in  the  signaling  department  of  a  certain  railroaS.  I 
will  not  undertake  to  read  this  thrciugh,  but  I  want  to  give  you 
an  idea  that  it  is  important  to  these  yoimg  men.  Now,  this  young 
man  is  a  son  of  ray  brother,  the  late  Franklin  Leonard  Fope,  and  is 
of  as  good  stuff  as  his  father,  and  he  cannot  be  disconcerted  by  any 
of  these  assertions  about  his  not  being  equal  to  the  emergency. 
The  letter  says:  "Yours  of  the  17th  at  hand.  My  experience 
with  the  average  college  man  is  that  when  put  on  hard  work  of  a 
physical  nature  he  is  a  'quitter,'  not  necessarily  because  he  is  natu- 
rally lazy,  but  because  the  manual  labor  is  too  hard  for  him.  This 
is  unfortunate,  but  nevertheless  true."  Well,  all  I  have  got  to  say 
about  those  quitters  is  that  they  have  mistaken  their  calling.  What 
an  engineer  wants  to  know  is  whether  there  is  money  enough  tu 
carry  out  the  plans.  .There  is  another  thing  that  he  wants  to 
know,  and  that  is  whether  there  has  ever  been  a  man  in  that 
mine.     If  there  has  ever  been  a  man  there  he  will  undertake  to 
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Eut  a  plant  tliei'e.  He  mi^ht  not  know  before  he  went  just  how 
e  was  going  to  do  it,  bnt  if  he  was  an  engineer  and  was  given 
ample  means  to  provide  all  possible  facilities  he  would  install  the 
plant,  and  before  he  got  through  with  it,  it  would  work. 

The  President: — Speaking  about  getting  over  difficulties  in 
mines  reminds  me  of  a  case  that  jou  may  have  heard  of,  in  which 
a  mine  which  descended  into  the  side  of  a  hill  had  water  in  it, 
which  had  to  be  pumped  out.  There  was  no  water  power  any- 
where in  the  neighborhood  with  which  to  do  it,  so  a  pipe  was  laid 
from  the  bottomof  thcmineupto  its  mouth  and  thence  down  the 
side  of  the  hill  to  a  point  below  the  level  of  the  water  in  the  mine ; 
a  water  power  plant  was  placed  at  the  lower  end,  which  bj  means 
of  electrical  transmission  operated  a  pump  in  the  mine  which 
pumpeJ  the  water  into  that  pipe.  Thus  the  water  in  the  mine 
furnished  the  power  itself,  the  whole  combination  acting  like  a 
siphon  would  for  less  heights.  It  shows  the  flexibility  of  elec- 
trical transmission. 


Lantern  slides  were  then  shown,  giving  the  characteristic 
features  of  the  country  in  which  tne  described  mines  are 
located. 

[Adjounied.] 
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New  York,  May  21,  1901. 

The  18th  Annual  Meeting  was  held  this  date  and  was  called 
to"^order  by  President  Hering,  at  8:10  p.m.,  who  appointed 
Messrs.  Edward  Caldwell  and  JDouglas  Burnett  as  Tellers,  and 
William  Maver,  Jr.  and  George  A.  Uamilton  as  Proxy  Committee. 

The  Seobbtary  : — At  a  meeting  of  the  Executive  Committee 
this  afternoon,  the  following  Associate  Members  were  elected. 


Name 

Ball,  Henry  P&igb 


Bbntlby,  Edward  M. 
Black,  Robert  Giybn 
BoLLBS,  Prank  G. 
Brady,  Nicholas  F. 
Byrnes,  Eoobnb  A. 


Address 

Electrical  Eagineer  General  In- 
candescent Arc  Light  Co..  572 
First  Av.,New<York,  residence, 
66  So.  Parsons  Aye.,  Flushing, 
L.l. 

Patent  Attorney  and  Expert, 
Temple  Court,  New  York  City. 

Supt.  The  Chambly  Mfg.  Co., 
Richelieu  Village,  P.  Q. 

Manager  Advance  Dept,,  Bui- 
lock  Elec.  Mfg.  Co.,  Norwood, 
Ohio. 

Treasurer,  the  Edison  lUg.  Co., 
57  Duane  St.,  New  York  City. 


Principal  Examiner  Electro- 
chemistry and  Metallurgy, 
U.  S.  Patent  Office,  Washing- 
ton, D.  C. 
Cunningham,  Richard  H.  Demonstrator  of  Physiology, 
Columbia  University.NewYork 
City. 

Dassori,  Frbubrick  Humbert  Student,  Polytechnic  In- 
stitute, 250  Union  St.,  Brook- 
lyn. N.  Y. 
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Endorsed  by 

Liuther  Stieringer. 
Martin  J.  Insul]. 
Samuel  Insull. 


C.  P.  Steinmetz. 
Albert  G.  Davis. 
Ernst  J.  Berg. 
R.  B.  Owens. 
R.  D.  Mershon. 
R.  A.  Ross. 
E.  G.  Bernard. 
Wm.  J.  Hammer. 
W.  D.  Weaver. 
J.  W.  Lieb,  Jr. 
C.  W.  Rice. 
W.  S.  Barstow. 
E.  A.  Sperry. 
P.  L.  Freeman. 
E.  6.  Acheson. 

E.  G.  Willyoung. 
P.  W.  Roller. 
T.  0.  Martin. 
Samuel  Sheldon. 
Ralph  W.  Pope 
Wm.  J.  Hammer. 
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Donaldson.' Wm.  W. 
Dresser.  Charles  A. 
Drohan,  T.  B. 
Bddy,  Horace  T. 
Elliott.  Elmer  G. 
Fraser,  James  Wm. 
Hawks,  U.  D. 


Electrical  Ens^ineer,  The  Gould 
Storage  Battery  Co..  :^6  W.  38d 
Street.  New  York  City. 

Superintendent,  Kohler  Bros., 
1808  Fisher  Building,  Chicago, 
111. 

Superintendent  of  Shops,  North- 
ern Elec.  Mfg.  Co.  Madison, 
Wis 

Instructor  of  Electrical  Bngin- 
eerinj?,  Union  College,  Sche- 
nectady. N.  Y. 

With  Guggenheim  Smelting  Co., 
Perth  Amboy.  N.  J. 

Demonstrator  in  Electrical  En- 

fineering,   McGill  University, 
[ontreal. 
Engineer  with  General   Electric 
Co.,  Schenectady,  N.  Y. 

Henry,  Ira  Walton  '  Cable  Engineer  The  Safety  Cable 
Co.,  229  W.  28th  Street,  New 
York  City. 

Hbrrick,  Albert  B.  Consulting  Electrical  Engineer, 
120  Liberty  Street,  N.Y.,  resi- 
dence.  Ridge  wood,  N.  J. 

Hesketh,  John  Electrical  Engineer,  Queensland 

Government  Post  and  Tele- 
graph Dept. ,  Brisbane,  Queens- 

Hewitt,  Pbter  Cooper  11  Lexington  Ave..  New  York 
City. 


Holtzbr,  Chas.  Wm. 


President   Holtzer  -  Cabot  Elec. 
Co.,  Brookline,  Mass. 


Jenks,  Arthur  Perkins  General  Electric  Co.,  44  Broad 
St.,  Nev^  York  City. 


Kebler  John  Leonard 


Marsh.  Chas.  J. 


Merrill  Joseph  F. 


Mixtnkr,  Louis 


Murray  Thos.  E. 


PoiRiER,  Alfred  E. 


Vice  -  President  Ward  -  Leonard 
Elec.  Co.,  606  W.  114th  Street, 
New  York  City. 

General  Manager,  Eastern  and 
Northeastern  Sales  Depts , 
Standard  Underground  Cable 
Co.,  56  Liberty  St.,  New  York 
City. 

Professor  of  Physics  and  Electri- 
cal Engineering.  University  of 
Utah,  Salt  Lake  City.  Utah. 

Engineer  Switchboard  Dept., 
General  incandescent  Arc 
Light  Co.,  573  First  Av.,  N.  Y. 

General  Manager  N.  Y.  Gas  and 
E.  L.  n.  &  P.  Co..  55  Duane 
Street,  New  York  City. 

Manager  N.  Y.  &  N.  J.  Tel.  Co., 
Jersey  City,  X.  J.,  residence, 
2«  W"  21s{  St.,  N.  Y.  City. 


Frank  B.  Rae. 
C.  T.  Hutchinson 
T.  C.  Martin. 

C.  G.  Armstrong. 
William  Goltz. 

F.  B.  Badt. 

A.  P.  Kennedy. 

D.  F.  Stakes.' 
O.  S.  Lyford,  Jr. 
A.  L.  Rohrer. 

E.  M.  Hewlett 
C.  P.  Steinmetz. 
Wm.  A.  Anthony 
W.  G.  Whitmore. 
J.  C.  Bennett. 

R.  B.  Owens. 
L.  A.  Herdt. 
E.  M.  Archibald. 
W.  L  Slichter. 
Ernst  Berg. 
A.  H.  Armstrong. 
R.  W.  Pope. 
A.  E.  Kennelly. 
Wm.  Mayer.  Jr. 
H.  W    Blake. 
W.  D.  Weaver. 
T.  C.  Martin. 
J.  S.  Fitzmauiice. 
W.G.T.Goodman. 
A.  J.  Hanson. 

G.  H.  Stockbridge 
C.  A.  Terry. 

T.  C.  Martin. 
E   P.  Thompson. 
Wm.  Stanley. 
G.  W.  Rlodgilt. 
A.  L.  Rohrer. 
H.  G.  Reist. 
T.  C.  Martin 
H.  Laws  Webb. 
H.  W.  Leonard. 
T.  C   Martin. 
J.  W.  Lieb.  Jr. 
E.  A.  Leslie. 
G.  L.  Wiley. 


B.  B.  Brackett. 
H.  S.  Carhart. 
C.T.Hutchinson. 
Luther  Stieringer. 
Martin  J.  lusull. 
Samuel  Insull. 
J.  W.  Lieb,  Jr. 
Calvin  W.  Rice. 
W.  S.  Barstow. 
R.  W.  Pope. 
G.  A.  Hamilton. 
F.  M  Pedersen 
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PowBLL,  Edwin  Buenlby  Meter  Tester,  Edison  Electric 
Illuminating  Co.,  55  Duane  St., 
New  York  City. 

Reid,  William  Switchboard   Engineer.    N.   W. 

Telephone  Exchange  Co.,  Tel. 
Bldg.,  Minneapolis,  Minn. 

RiCB,  Martin  P.  Chief   of     Publication    Bureau, 

General  Electric  Co.,  Schenec- 
tady. N.  Y. 

Rogers,  Nelson  Electrician,  with  Peter  Cooper 

Hewitt,  Madison  Square  Gar- 
den Tower,  New  York  City,  res- 
idence, Mt.  Vernon,  N.  Y. 

Ryder,  M.  P.  Supt.  of  Bronx  Dist.,  N.  Y.  Gas 

■  and  Electric  L.  H.  &  P.  Co., 
699  Union  Ave.,  N.  Y.  City. 

Sage  Frederick  Brittan  Partner,  P.  B.  Sage  &  Bro., 
123  Liberty  St.,  N.Y.. City, 


Salter,  Thos.  Fitch 


Designer  and  Inspector  of  Draw- 
ings, Western  Elec.  Co.,  resi- 
dence, U  W.  18th  St.,  N.  Y. 

Sfellmirb,  Walter  B.  District  Engineer,  Bullock  Elec- 
Mfg.  Co.,  220  Broadway,  New 
York  City. 

Spencer,  Ohas.  J.  Electrical  Engineer  with  N.Y.C. 

&  H.  R.  R.  B.  Engineering 
Dept.,  Room  512  Grand  Cen- 
tral Sta..  New  York  City. 

Taylor.  Albert  Manager  New  York  Office,  Elec- 

tric Storage  Battery  Co.,  100 
Broadway.  New  York  City. 

Walker,  Frank  Wilkes  Student  in  Electrical  Engineer- 
ing, McGill  University.26Sum- 
merhill  Ave.,  Montreal,  P.  Q. 

Wenger,  Edgar  I.  Graduate- Student  in    Electrical 

Engineering,  McGill  Univer- 
sity, Montreal,  residence.  Ay- 
ton,  Ontario. 

Whitney,  Willis  R.  Asst.  Prof.  Theoretical  Chemis- 
try, in  charge  of  Electro-Chem- 
ical Research  Laboratory,  Gen- 
eral Electric  Co.,  Schenectady, 
N.  Y. 

Total,  40. 

The  President  : — During  the  past  year,  there  have  been  a 
number  of  new  departures  in  tne  affairs  of  the  Institute. 
Among  the  most  important  if  not  the  most  important,  is  one 
which  1  have  the  great  pleasure  of  announcing  to  you  to-night. 
One  of  oar  oldest  members  has  recently  purchased  and  presented 
to  the  Institdtb  the  very  valuable  library  of  Latimer  Clark  in 
London,  which  is  the  finest  of  all  existing  electrical  libraries  of 
the  earlier  works.  I  will  ask  the  Secretary  to  read  his  letter 
which  was  sent  to  Council  to-day,  and  which  was  followed  by  the 
formal  acceptance  of  the  library  by  Council  in  behalf  of  the 

iNBTrrUTE. 

The  Secretary  read  the  following  letter. 


Calvin  W.  Rice. 
H.  A.  Lardner. 
M.  B.  Waterman. 
G.  D.  ShepardsoQ 
C.  L.  Pillsbury. 
J.  0.  Kelsey. 
C.  P.  Steinmetz. 
Eskil  Berg. 

E.  W.  Rice.  Jr. 
Chas.  A.  Terry. 
A.  J.  Wurts. 

F.  A.  La  Roche. 

£.  A.  Leslie. 
Calvin  W.  Rice. 
W.  F.  Wells. 
Townsend  Wolcott 

G.  T.  Hanchett. 
C.  E.  Whitney. 
G.  F.  Atwood. 
O.  A.  Bell. 

F.A.Muschenheim 
Thos.  French,  Jr. 
R.  T.  Lozier. 
W.  M.  Venable. 
C.  P.  Steinmetz. 
J.  H.  Vail 
S.  L.  G.  Knox. 

Herbert  Lloyd. 
Chas.  Blizard. 
J.  B.  Entz. 
R.  B.  Owens- 
R.  W.  Pope. 
L.  A.  Herdt. 
R.  T.  Lozier. 
K.  M.  Wilson. 
K.  B.  Owens. 

C.  P.  Steinmetz. 
A.  G  Davis. 
E.  W.  Rice,  Jr. 
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To  THB  Council  and  Members  of  the 

Ambrican  Imstitutb  of  Elbctbical  Ekoinbers. 

It  IB  my  privilege  to  be  able  to  announce  the  completion  of  negotiations  by 
wliich  I  have  become  the  possessor  of  the  very  remarkable  collection  of  electri- 
cal books  of  the  late  Mr.  Latimer  Clark  of  London. 

My  object  in  securing  this  collection  was  to  present  the  books  to  our  In- 
stitute and  make  it  the  custodian  of  the  most  complete  electrical  library  in  the 
world,  as  well  as  to  stimulate  such  interest  that  the  Institute  may  in  time  own 
a  permanent  home  in  New  York. 

The  assurances  received  from  those  who  hare  co-operated  with  me  in  this 
undertaking,  that  the  collection  is  very  complete  and  includes  practically  every 
known  publication  in  the  English  language  previous  to  1886,  on  Magnetism. 
Electricity, Galvanism,  the  Lodestone,  Mariner's  Compass,  etc. ,  have  been  more 
than  verified  by  my  own  examination  of  the  books  since  their  arrival  in  this 
country.  There  are  among  its  7,000  titles  many  books  which  are  not  to  be 
found  in  either  of  the  famous  libraries  with  which  it  has  been  compared,  and 
I  find  that  there  are  even  some  of  the  very  earliest  examples  of  printing. 

1  have  always  been  a  strong  believer  in  the  principle  that  every  profes- 
sional man  is  under  obligation  to  contribute  in  some  way  to  the  welfare  of  the 
profession  in  which  he  is  engaged,  and  in  obedience  to  this  idea  I  now  desire 
to  present  this  library  to  you  complete,  reserving  to  myself  only  the  photo- 
graphs, autographs  and  such  duplicate  books  &8  I  may  add  to  my  own  collec- 
tion without  detracting  from  the  completeneis  of  the  library. 

As  an  early  contributor  to  the  Institute  and  one  of  the  original  members 
of  iUi  Building  Committee,  I  am  interested  in  securing  for  it  permanent  head- 
quarters and  adding  to  its  importance,  dignity  and  strength.  It  is  my  desire 
that  the  Institute  accept  the  library  and  through  its  Library  Committee  and 
a  suitable  Librarian  administer  it  in  such  a  way  as  to  make  it  generally  use- 
ful, and  I  hope  that  the  possession  of  these  books  will  add  to  the  Institute's 
prestige. 

I  am  inclined  not  to  suggest  rules  for  the  management  of  the  library,  believ- 
ing that  those  who  are  in  charge  from  time  to  time  are  in  the  best  position  to 
know  what  is  desirable,  but  in  order  to  fix  its  general  character,  and  secure  its 
permanence,  I  condition  the  gift  upon  the  acceptance  by  the  Institute  of  the 
following  provisions : 

First.— The  library  to  be  kept  insured  against  loss  by  fire  as  fully  as  it 
may  be  practicable  to  determine  its  value,  and  an  annual  appropriation  of  $1600 
to  be  provided  for  its  maintenance. 

Second. — A  complete  catalogue  raisonne  to  be  published  in  the  name  of 
the  Institute,  reciting  the  conditions  of  gift  and  explaining  the  features  of 
interest  of  each  book  for  the  convenience  and  information  of  members.  This 
catalogue  to  be  prepared  at  once  and  a  bound  copy  of  it  to  be  placed  in  the 
hands  of  each  member  of  the  Institute. 

Third. — The  library  to  be  in  charge  and  control  of  a  Library  Board  or 
Committee  made  up  of  members  of  the  Institute  and  not  more  than  one  quar- 
ter of  the  whole  number  of  members  of  this  Committee  to  be  allied  with  any 
one  commercial  or  other  interest. 

Fourth. — The  library  to  remain  in  New  York  City  and  to  be  a  referenoe 
library,  free  to  all,  including  non*members  and  available  for  consultation  at 
least  three  days  in  the  week  and  some  evenings  and  some  Sundays,  as  soon  as 
the  Institute  is  in  permanent  quarters. 
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Fifth. — Bare  books,  that  is.  books  which  it  is  practicallj  impossible  to 
replace,  to  be  exhibited  under  glass  with  suitable  explanatory  cards  and  to  be 
subject  to  closer  examination  only  at  the  library  and  upon  suitable  introduction 
of  the  Tisitor  to  the  Library  Committee  or  their  representative,  the  Librarian, 
and  under  such  other  precautions  as  will  positively  assure  the  preservation  and 
safety  of  the  books. 

And  further,  it  is  my  earnest  desire  that  the  Institute  shall  within  five 
years,  raise  a  sufficient  fund  by  subscription,  and  provide  itself  with  a  per- 
manent home  for  its  meetings  and  library,  and  that  this  home  shall  be  cen- 
trally located,  reasonably  safe  from  fire  and  not  heavily  mortgaged. 

In  case  of  the  failure  of  the  Institute  to  comply  with  the  substance  or 
spirit  of  these  conditions,  or  with  the  desire  expressed  above  for  a  permanent 
home,  the  library  shall  revert  to  me  or  my  heirs  or  assigns. 

Having  in  view  the  sole  purpose  of  encouraging  the  Institute  to  attain  the 
position  which  I  feel  sure  all  of  its  members  desire,  I  have  sought  to  name  con- 
ditions easily  within  its  reach. 

SCHUTLBR  SkAATS  WhBELEB. 

Ampere,  N.  J.,  May  17th,  1901. 

The  President  : — The  library  has  already  been  described,  and 
you  are  therefore  probably  familiar  with  the  fact  that  it  is  the 
finest  library  of  its  kind  in  the  world.  Not  only  is  this  a  very 
valuable  gift  from  Dr.  Wheeler,  which  is  in  itself  very  valuable, 
but  more  than  that  it  is  the  beginning  of  an  effort  to  get  for  us 
a  permanent  home,  a  building  where  we  can  not  only  have  our 
library,  but  our  meeting  room,  a  building  which  we  can  call  our 
own.  One  of  the  purposes  of  Dr.  Wheeler,  as  you  have  seen 
from  his  letter,  is  to  lead  to  the  accomplishment  of  that  very  de- 
sirable object.  With  such  a  start  as  he  has  given  us,  we  hope, 
in  the  coui*se  of  a  few  years,  to  accomplish  this  much  desired  re- 
sult. The  gift  of  Dr.  Wheeler  has  already  borne  fruit  in  this 
way,  that  your  officers  and  committees  have  recently  visited  Mr. 
Carn«gie  and  have  secured  from  him  a  very  generous  offer  to 
give  us  for  the  maintenance  of  our  library  a  sum  of  money 
equivalent  to  its  cost.  This  has  not  been  announced  before, 
because  we  could  not  accept  the  generous  offer  of  Mr.  Carnegie 
until  we  had  received  the  gift  of  Dr.  Wheeler.  Dr.  Wheeler's 
gift  having  been  presented  to-day,  Mr.  Carnegie's  gift  can  also 
be  considered  as  having  been  presented  to  us  to-day.  [Ap- 
plause.] 

Mb.  0.  O.  Matlloux  : — Although  it  is  likely  that  the  Council 
and  the  Library  Committee  will,  at  some  future  time,  give  fit- 
ting expression  to  the  gratitude  of  the  Institute  in  a  proper 
manner,  yet  I  think  that  the  members  present  ought  to  put  on 
record  their  own  appreciation  of  these  generous  gifts  by  a  vote 
of  thanks.  Dr.  Wneeler  is  entitled  to  our  gratitude,  not  only 
for  the  intrinsic  value  of  the  unique  collection  of  books  which  he 
has  just  donated  to  the  Institute,  some  of  them  of  priceless 
wortn,  but  also  because  he  has  set  a  beautiful  example  of  gener- 
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osity,  which  it  is  hoped  may  act  as  a  precedent  and  incentive  for 
others  who  like  him  are  so  fortunately  situated  as  to  be  able  to 
spare  some  of  this  world's  goods  to  help  a  worthy  cause. 

I  wish  to  commend  particularly  tne  altruistic  tone  of  Dr. 
Wheeler's  letter  to  the  admiration,  and  for  the  emulation  of  the 
members.  He  has,  on  many  occasions  in  the  past,  shown  proof 
of  his  public  spirit  and  zeal  in  studying  and  fostering  the  welfare 
of  the  electrical  engineering  profession,  and  of  this  iNSTrroTE. 
In  this  gift  he  again  illustrates  and  fortifies  precept  by  example, 
and  lives  up  to  his  convictions  in  a  manner  most  acceptable, 
and,  at  the  same  time,  highly  impressive  and  edifying  to  this 
Institute. 

I  do  wish  therefore  to  move,  and  I  ask  the  members  to  join 
me  in  a  vote  of  thanks  to  Dr.  Wheeler  for  his  generous  gift  of 
the  Latimer  Clark  library  to  this  Institute. 

[The  motion  was  seconded  and  unanimously  carried.] 

Mr.  Charles  P.  Steinmetz  : — I  also  move  a  vote  of  thanks  to 
Mr.  Andrew  Carnegie  for  his  generous  gift,  which  enables  us  to 
properly  establish  and  maintain  this  library  which  we  have  re- 
ceived as  a  present  from  Dr.  Wheeler.     [Adopted.] 

The  Secretary  then  read  the  following  telegram : 

"International  Hotel,  Niagara  Falls,  N.  Y.,  ) 

*'May  21,1901.      \ 
"  Carl  Hering : 

"  President  American  Institute  of  Electrical  Engineers^ 
12  West  31st  Street,  New  York. 

**  Members  of  the  Institute  of  Electrical  Engineers  at- 
tending the  Convention  of  the  National  Electric  Light  Associa- 
tion send  greetings  and  congratulations  upon  the  gift  of  the 
Latimer  Clark  library  by  Dr.  Wheeler.  (Signed) :  T.  C  Martin, 
Calvin  W.  Rice,  Chas  F.  Scott,  W.  E.  Goldsborough,  H.  H. 
Humphrey,  A.  J.  Wurts,  D.  K.  Lovejoy,  E.  H.  Mullin,  Joseph 
Sachs,  E.  F.  Peck,  J.  I.  Ayer,  Wro.  Brophy,  W.  B.  Jackson,  H. 
A.  Lardner,    Paul  M.  Lincoln,  J.  B  Cahoon,  and  many  others.''^ 

The  Secretary  read  the  following  reports  of  the  Council,  and 
of  the  Treasurer,  which  were  accepted  and  ordered  filed. 
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AMERICAN     INSTITUTE     OF    ELECTRICAL     ENGINEERS. 

Report  of  Council  for  the  Fiscal  Year. Ending  April  30,  1901. 

The  CouDcil  submits  herewith,  for  the  information  of  the  membership  at 
large,  a  report  of  its  work  during  the  past  year,  as  well  as  the  financial 
standinjf  of  the  Institute. 

Two  meetin^sfs  of  Council  and  nine  meetings  of  the  Executive  Committee 
hare  been  held  during  the  year. 

The  Committee  on  a  National  Standardizing  Bureau  continued  its  work 
daring  the  year  and  up  to  the  date  when  the  bill  for  the  establishment  of 
this  bureau  passed  in  Congress  Not  only  was  a  large  amount  of  corre- 
spondence carried  on  by  this  committee  in  furtherance  of  the  bill,  but  mem- 
bers of  it  visited  Washington  and  appeared  in  its  behalf  before  the  Con- 
gressional Committee. 

The  binding  of  the  periodicals  which  have  accumulated  during  the  past 
thirteen  years  and  the  shelving  of  the  same  has  been  finished  as  far  as  pos- 
sible during  the  year.  Some  of  the  files  are  incomplete,  but  are  being  filled 
up  through  the  liberality  of  various  members,  and  the  collection  is  already 
of  considerable  value'.  To  this  will  soon  be  added  the  magnificent  Latimer 
Clark  Library  purchased  for  the  Institute  and  presented  by  Dr.  Schuyler 
Skaats  Wheeler;  also  complete  sets  of  "  Comptes  Rendus  de  L*  Academic 
des  Sciences.'*  presented  by  C.  O.  Mailloux,  and  of  the  "Proceedings  of 
the  Royal  Society  of  London,''  by  Edward  Caldwell.  Mr.  Andrew  Car- 
negie has  very  generously  offered  to  duplicate  the  amount  paid  by  Dr. 
Wheeler  for  the  Latimer  Clark  Library,  which  sum  will  be  available  for 
completing  and  cataloguing  the  collection.  F.  P.  Fish,  Esq.,  has  also 
kindly  donated  $100  toward  a  Library  of  Patents.  The  Institute  will 
therefore  soon  possess  the  most  complete  electrical  library  in  the  world. 
It  has  been  necessary  to  rent  another  room  in  the  Havemeyer  Building  for 
the  present  accommodation  of  about  10,000  volumes. 

The  work  of  the  Committee  on  Revision  of  the  Constitution  h^s  been 
continued,  resulting  in  a  practically  new  instrument,  which  was  approved 
by  Council  April  26,  itjoi,  and  notice  given  at  the  Instiiute  meeting  on  that 
date  that  it  would  be  brought  up  for  consideration  at  the  annual  meeting 
May  21,  igoi.  In  accordance  with  a  vote  of  the  Institute  the  proposed 
Constitution  was  printed  and  appeared  in  the  April  issue  of  the  Transac- 
tions. 

For  the  convenience  of  members  residing  at  a  distance  from  New  York 
City,  the  date  of  meetings  was  changed  from  the  fourth  Wednesday  to  the 
fourth  Friday  of  each  month.  Several  members,  especially  those  connected 
with  colleges,  have  expressed  their  appreciation  of  that  change. 

Pursuant  to  the  action  of  Council  last  year,  arrangements  were  entered 
into  for  a  joint  meeting  with  the  Institution  of  Electrical  Engineers  of  Great 
Britain,  which  was  held  at  Paris,  August  16,  1900,  in  the  National  Pavilion 
of  the  United  States  on  the  Exposition  grounds.  The  discussion  at  this 
meeting  and  also  a  report  of  the  delegation  to  the  International  Electrical 
Congress  which  followed  have  been  printed  in  the  Transactions.  Resolu- 
tions of  acknowledgment  and  thanks  to  the  Institution  of  Electrical  Engin- 
eers of  Great  Britain  for  the  many  courtesies  extended  to  our  members 
were  adopted  by  Council,  and  under  direction  of  a  special  committee  an 
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engrossed  copy  of  the  same  has  been  executed  and  forwarded  to  that 
society. 

It  was  decided  to  hold  the  next  general  meeting  of  the  Institute  at 
Buffalo,  and  a  special  committee  was  appointed  to  prepare  a  programme. 
A  preliminary  schedule  has  been  printed  and  4.350  copies  sent  to  Euiopean 
electrical  engineers,  together  .with  a  circular  letter  inviting  them  to  attend 
this  meeting.  The  Institution  of  Electrical  Engineers,  being  practically 
committed  to  a  trip  into  Germany  this  season,  could  not  officially  accept  our 
invitation  to  visit  America  this  year,  but  as  the  Buffalo  meeting  occurs  two 
months  later  it  is  hoped  that  many  members  may  find  it  convenient  to 
attend. 

Continuing  the  practice  begun  last  year,  the  Executive  Committee,  on 
February  38,  1901.  authorized  the  purchase  of  |a,ooo  in  Government  bonds, 
out  of  which  a  sufficient  amount  has  been  placed  to  the  credit  of  the  Com- 
pounded Membership  Fund  to  cover  all  payments  made  for  life  membership 
up  to  the  date  of  this  meeting.  This  purchase  makes  a  total  of  $7,000  in 
Government  bonds  now  owned  by  the  Institute 

The  149th  Meeting  of  the  Institute  was  organized  as  a  dinner  on  Jan- 
uary 9,  1901,  and  was  held  at  "The  Arena,"  on  31st  Street.  About  100 
members  and  guests  were  present,  and  there  was  a  topical  discussion  on 
**  Electricity  in  the  Last  Century  and  in  This."  The  event  was  considered 
a  success  and  greatly  enjoyed  by  all 

On  February  8  the  Committee  on  Papers  and  Meetings  outlined  a  pro- 
gramme for  the  first  Conversazione  held  by  the  Institute.  Eleven  regular 
and  special  meetings  of  the  committee  were  devoted  to  this  work  between 
February  8  and  April  10.  The  suggestions  offered  were  approved  by  the 
Executive  Committee.  The  interest  aroused  by  this  Conversazione  and 
the  attendance  (about  t,ooo)  surpassed  all  expectations  of  the  committee. 
It  resulted  in  the  acquisition  of  many  new  candidates  for  membership 
and  renewed  enthusiasm  on  the  part  of  officers  and  members.  The 
thanks  of  the  Institute  are  due  to  Columbia  University  and  the  exhib- 
itors for  their  hearty  co-operation  with  the  Committee  on  Papers  and 
Meetings ;  also  to  the  members  of  this  committee  for  their  faithful  and 
arduous  labors. 

There  have  been  held  during  the  year  one  general  meeting  at  Philadelphia 
and  Paris,  the  annual  business  meeting  and  eight  monthly  meetings  at  New 
York  City. 

The  Board  of  Examiners  has  held  ten  meetings  during  the  year,  at  which 
fifty-five  applications  for  transfer  have  been  considered.  Of  this  number 
thirty-four  were  recommended  to  Council  for  transfer,  seventeen  held  over 
for  additional  information  and  four  disapproved. 

The  total  membership  at  the  close  of  last  year's  report  was  i,  183,  classified 
as  follows: 


Honorary  Members 2 

Members 374 

Associate  Members 807 

Total 1,183 

Associate  Members  elected  Mav  i,  1900.  to  April  30,  1901 151 

Associate  Members  elected  the  previous  year  and  since  qualified ao 

Total 1,354 
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Resignations  have  been  received  and  accepted  during' the  year  from  the 
following  members  and  associates  who  were  in  good  standing: 

Members—].  W.  Lattig,  A.  Floyd  Delafield.  Victor  M.  Berthold,  Thomas 
R.  Taltavall. 

Associate  Members— Cleveland  Abbe.  George  H.  Blaxter,  Walter  A. 
Childs,  R.  K.  Dana,  James  W.  Gladstone,  T.  T.  F.  Luquer,  Charles  K. 
Munns,  Henry  A.  Rowland,  A.  A.  Serva,  Alex.  Vosmaer,  E.  R.  Keller, 
J.  P.  Labouisse.  W.  E.  Lindsay,  A.  J.  Wood,  H.  E.  Dey.  J.  P.  Hall. 


Total  KesigoatioiM 

There  have  been  the  following  deaths  during  the  year: 

Members: 
GEORGE  W.  GARDANIER,  GILBERT  WILKES, 

ISAIAH  H.   FARNHAM,  ELISHA  GRAY. 


Associate  Members: 

JOHN  E.  HUDSON.  JOSEPH  CLEMENT, 

W.   M.   T.   WEISE. 

Total  Deaths 7 

Dropped  as  delinqueot 46 

Elected,  but  not  yet  qualified ax 


Total. 


Leaving  a  total  membership  of  1.260  on  May  i,  1901  (a  net  gain  of  77^ 
the  net  gain  for  the  previous  year  being  45),  classified  as  follows : 

Honorary  Members a 

Members 387 

Associate  Members 87 1 

Total x,26o 

A  list  of  associate  members  elected  during  the  year  accompanies  this 
report,  and  the  names  appear  in  the  printed  Transactions. 

The  reports  of  the  Secretary  and  of  the  Treasurer  show  in  detail  the 
financial  standing  of  the  Institute  at  the  close  of  the  fiscal  year,  together 
with  an  itemized  statement  of  receipts  and  disbursements  during  the  entire 
year: 

SECRETARY'S  BALANCE  SHEET. 

For  THE  Fiscal  Year  Ending  April  30,  1901. 

Dr.  Cr. 


Balance  from  previous  year $356  48 

Receipts  for  the  year 13*61739 

$13,373  87 


By  Cash  to  Treasurer $i3,6aa  36 

Balance  to  next  year 351  51 

•13,873  8y 
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ITEMIZED  STATEMENT  OF  RECEIPTS  AND  DISBURSEMENTS 
OF  THE   INSTITUTE. 

For  Fiscal  Year  Knding  April  30,  1901. 

General  Account. 


Receipts, 

Treasurer's   Balance  from  previous 

year $2«235  ©8 

Secretary's  Balance   from  previous 

year 256  48 

Entrance  Fees 745  0° 

Life  Membership  Fees  (F.  A.  Say- 
lor»  J.  I).  E.  Duncan,  W.  E. 
Chappell,  Samuel  Sheldon,  W.  J. 

Hammer) 500  00 

PastDues 615  88 

Current  Dues 9i^a3  62 

Advance  Dues 114  38 

Electrotypes  Sold 60  79 

Transactions  Sold 79061 

"            Subscriptions 35<  90 

Advertising 55  00 

Received  ipr  Special  Binding 38  06 

"          *•    Congress  Books 4  90 

•'          "    Inter'ton  U  S   Bonds  150  00 
*•         from  F.  P.  Fish,  Library 

Donation 100  00 

Received  for  Badges 332  oo 

*•          *'    Certificates 30  75 

**          "    Conversazio'ie  Tickets  905  ao 


Disbursemen  ts: 

Revenue  Tax 

Bank  Exchange  

Chicago  Meetings 

Library 

Tee 

1  Jiundry 

Office  Expenses 

'*      Fixtures 

Express 

Telegrams 

I    Stenography  and  Typewriting..   .. 

Stationery  and  Miscellaneous  Print- 
ing  

Postage 

Messenger  Service 

Salary  Account 

Meeting  Expenses 

Rent— Offices  and  Hall 

Engraving 

Binding 

Publishing  Transactions 

Badges 

Certificates 

Copvright  (2  Years' 

Engiossing  Resolutions,  etc 

Legal  Expenses 

Typewriter  Exchanged 

Caialog'te  Type 

U,  S.  Bond  a/c.  Life  Membership. 

U.  S.  Bond  afc.  Reserve  Fund 

Premium  on  Bonds  

Conversazione  

Secretary's  Balance  to  next  year.... 

Treasurer  s  Balance  to  next  year. .. 


J  16,078  95 


$"  35 

8  99 

30  06 

697  55 

26  09 

825 

37  33 

3  70 

196  79 

ti  89 

978  90 

5CI  9X 

589  ao 

20  74 

a,54t  64 

192  19 
1,191  68 

59683 

199  3a 

=1757  75 

200  90 
IS  as 

10  00 

163  65 

30  00 

77  50 

3  75 

1,000  00 

1,000  00 

235  00 

J.036  75 

251  51 

i.45»  48 

$16,078  95 


OutstandiDg  bills  excepting  I264.53  were  paid  in  full  April  27,  1901. 

There  is  due  the  Institute  $2,608.05,  of  which  about  one-half  is  probably 
collectible.  The  amount  reported  last  year  as  overdue  and  probably  col- 
lectible was  11,422.41.    The  actual  collections  have  been  $615.88. 

The  total  receipts  for  the  past  year  exceeded  the  previous  year  by  $68.48, 
while  the  disbursements  were  $827.05  in  excess  of  last  year,  showing  an 
excess  in  growth  of  disbursements  over  the  gain  in  receipts  of  $758.57. 
The  net  financial  gain  during  the  year  was  $1,476.43,  as  shown  by  the  fol- 
lowing summary : 

Net  Cash  Receipts $13,617  39 

Disbursements,  Excluding  Bonds  Purchased 12,140  96 

$».476  43 
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Property  on  hand  according  to  inventory  May  i.  1901: 

Office  Furniture  and  Fittings $247  95 

Badges. 106  00 

Catalogue  Type  and  Cases 18682 

Library , 1,61500 

Transactions  on  Hand  3^41950 

Congress  Books .       532  50 

$6,107  77 

TOTAL  NET  ASSETS. 

Treasurer's  Cash  Balance $1,45148 

Sect etary's  Cash  Balance 2515* 

U.  S.  Registered  Bond^ 7,00000 

Property  as  Inventoried 6,10777 

$14,810  76 
Total  Assets  last  year 12,19908 

Increase $2,611  68 

Respectfully  submitted  for  the  Council, 

RALPH  W.    POPE, 

Secretary. 
TREASURER'S   REPORT. 
From  April  30,  1900,  to  May  i    1901. 

G-EORGE  A.  Hamilton,  Treasurer,  in  Account  with 

American  Institute  ok  Electrical  Engineers. 

Dr. 

Balance  from  April  30,  1900 $2,30508 

Received  from  Secretary,  April  30, 1900,  to  May  i,  190X 13,622  36 

$15,827  44 

Cr. 

Disbursements  from  May  i,  1900,  to  May  i,  1901,  on  Warrants  from  Secre- 
tary, as  approved  by  Council  or  Executive  Committee,  Nos.  1230  to 
1357  inclusive -. •    14,375  96 

Balance  to  New  Account ti45i  48 

$15,827  44 

By  direction  of  the  Executi/e  Committee  the  Secretary  and  Treasurer 
•have  purchased  during  the  year  I2000  in  s%  Government  Bonds,  for  which 
^  premium  ai  I235  was  paid.  These  have  been  added  to  the  funds  existing 
last  year,  which  now  stand  as  follows  : 

Face  Valuf.  Market  Valuk. 

Building  Fund $1,00009  $1,09500 

Compounded  Membership  Fund     3,00000  3,28500 

Reserve  Fund 3,000  00  3,285  00 

$7,000  00  $71665  00 

Treasurer's  Ca&h  Balance  in  Bank,  Carried  Forward 

to  next  year 1,451  48 

$8,45t  4» 

Respectfully  submitted, 

GEO.  A.  HAMILTON, 

Treasurer, 
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It  was  voted  that  the  reports  as  printed  be  accepted  and  filed. 

Report  of  Proxy  CoMMrrrEE. 

Mr.  Maver  read  the  report  of  the  Committee  on  Proxies  as 
follows : 


R.  A.  Byrnes 1 

George  P.  Sever 1 

William  J.  Hammer 1 

Charles  P.  Scott 1 

Edwin  W.  Hammer 2 

Carl  Bering 8 

W.  A.  Anthony 1 

B.  P.  Thompson 1 

P.  A.  C.  Perrine 1 

Pitzhugh  Townsend 1 

William  D.  Weaver 4 

Ralph  W.Pope  148 

Francis  B.  Crocker 3 

Charles  P.  Steinroetz  8 


Cary  T.  Hutchinson ...     1 

Samuel  Sheldon 3 

A.  E.  Kennelly 

Cecil  P.  Poole 

Calvin  W.  Rice 

John  J.  Carty 

P.  A.  Pickernell 

George  A.  Hamilton ,    2 

Blank 14 

Gano  S.  Dunn  3 

L.  B.Stillwell 3 


108 


Wm.  Mavbb,  Jr., 
G.  A.  Hamilton, 


Proxy  Committee. 

The  amended  Constitution  an  reported  by  Council  and  printed 
in  the  April,  1901  issue  of  the  Tkansaotions,  was  then  taken  up 
by  the  meeting  for  final  consideration,  and  after  considerable  dis- 
cussion was  adopted  by  a  vote  of  56  affirmatiye  and  3  negative^ 
the  proxies  not  being  called  for. 

Dr.  Arthur  E.  Kennelly  then  presented  the  following  paper 
on  "The  New  Edison  Storage  Battery." 
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THE  NKW  EDISON  STORAGE  BATTERY. 


BY  ARTHUR  E.  KENNELLY. 

I  take  pleasure  in  bringing  to  the  notice  of  the  Institute,  this 
evening,  a  novel  type  of  storage  battery,  recently  invented  by 
Mr.  Edison. 

It  is  well  known  that  the  history  of  the  storage  cell  is  essen- 
tially that  of  the  lead  cell  discovered  by  Plantain  1860, in  which 
lead  peroxide  is  the  depolarizing  substance.  An  enormous 
amonnt  of  labor  has,  in  the  aggregate,  been  expended  upon  the 
improvement  of  this  cell  in  the  hands  of  experimentalists.  As 
a  result  of  that  labor,  the  storage  battery  has  at  last  become  a 
recognized  adjunct  to  direct- current  central  stations,  but  it  has 
limitations  that  seem  to  withstand  further  attempts  toward  im- 
provement. Of  recent  years,  hardly  any  success  has  been  met 
with  in  the  direction  of  reducing  its  weight  for  a  given  energy- 
storage  capacrity,  without  detriment  to  endurance,  and  this 
weight  is  the  great  drawback  of  the  storage  battery  in  electric 
storage  traction,  and  has  been  the  principal  obstacle  to  its  ad- 
vance in  this  direction  for  the  past  twenty  years. 

In  practice,  the  storage  energy  per  unit  mass  of  the  modern 
lead  battery,  is  from  four  to  six  watt-hours  per  pound  of  bat- 
tery (8.8  to  13.23  watt-hours  per  kilogramme).  Expressed  in 
another  way,  a  battery  weighs  from  124.5  to  186.5  pounds  per 
horse-power-hour  at  its  terminals  (75.5  to  113.4  kilos  per  kilo- 
watt-hour) ;  or,  if  its  stored  energy  available  at  terminals  were 
all  expended  in  gravitational  work,  a  battery  could  raise  its  own 
weight  through  a  vertical  distance  of  from  two  to  three  miles 
(3.2  to  4.8  kilometres). 
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While  it  is  possible  to  increase  the  energy  per  unit  mass  by 
making  the  electrodes  very  light,  yet  this  is  always  found  to  be 
followed  by  a  very  heavy  deterioration. 

Many  attempts  ha-ve  also  been  made  to  perfect  storage  cells 
of  the  alkaline  zincate  type,  but  the  great  difficulty  of  depositing 
zinc  in  coherent  form  from  the  solution,  as  well  as  the  lack  of  a 
depolarizer  that  shall  be  insoluble  in  the  electrolyte,  has  stood  in 
the  way  of  this  cell's  success. 

Mr.  Edison  set  himself  the  task  of  finding  a  cell  which  should 
possess  the  following  advantages : 

1.  Absence  of  deterioration  by  work. 

2.  Large  storage  capacity  per  unit  of  mass. 

3.  Capability  of  being  rapidly  charged  and  discharged. 

4.  Capability  of  withstanding  careless  treatment. 
6.  Inexpensiveness. 

He  believes  that  the  cell  here  shown  may  claim  these  advan- 
tages in  a  very  satisfactory  degree. 

The  negative  pole,  or  positive  element,  corresponding  to  the 
zinc  of  a  primary  cell,  or  the  spongy  lead  of  a  secondary  cell,  is 
iron.  The  positive  pole  or  negative  element,  corresponding  to 
the  carbon  of  a  primary  cell,  or  lead  peroxide  of  a  secondary  cell, 
is  a  superoxide  of  nickel  believed  to  have  the  formula  Ni  O2.  The 
cell  is  therefore  a  nickel-iron  cell,  a  name  which  suggests  the 
structural  material— nickel-steel.  The  electrolyte  is  potash  ; 
viz.,  an  aqueous  solution  containing  from  10  to  40^  by  weight, 
but  preferably  20^,  of  potassium  hydroxide,  the  freezing  temper- 
ature of  which  is  20°  below  zero  F.  or-30^  C. 

The  initial  voltage  of  discharge  after  recent  charge  is 1.5  volts 

The  mean  voltage  of  full  discharge  is  approximately . .  .  .1.1  volts 
The  normal  discharging  current  rate  per  unit  area  of  active  ele- 

ment  (positive  or  negative)  is 60  »—^ — 

o  ^ .   nraperes 

or 0.93      71""^ 

sq.  decimetre. 

The  storage  capacity  of  the  cell  per  unit  of  total  mass  of  the  cell 

is   \ 14  watt -hours  per  pound 

or 30.85  watt  hours  per  kilo 

Expressing  the  same  statement  in  another  way,  the  weight  of  bat- 
tery per  unit  of  electric  energy  at  terminals  is 

53.3  lbs.  per  e.  h.  p.  hour 
or 32.4  kilos  per  kilowatt-hour 
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Or  the  battery  gives  energy  at  its  terminals  sufficient  to  lift  its 
own  weigbt  through  a  vertical  distance  of  approximately 
7  miles  or  11. 26  kilometres. 

The  mean  normal  discharging  power-rate  per  unit  mass  of  total 
cell  is   4  watts  per  lb.  or  8.82  watts  per  kilo : 

Corresponding  to  a  normal  discharge  period  of 3^  hours 

The  cell  may,  however,  be  discharged  at  a  relatively  high  rate, 
in  approximately 1  hour : 

Corresponding  to  a  discharging  power  rate  per  unit  of  total  cell 
mass  of 12  watts  per  lb.  or  26.46  watts  per  kilo. 

Charging  and  discharging  rates  are  alike.    That  is  to  say,  the  cell 


Fig.   1. — Nickel-plated    steel   grid 
for  either  positiye  or  negative  plate. 


Fig.  2. — Assemblage  of  grids  in  the 
grouping  corresponding  to  that  of  a 
completed  cell. 


may  be  charged  at  the  normal  rate  in  3^  hours  ;  or,  it  may  be 
charged  at  a  relatively  high  rate  in  one  hour,  with  no  apparent 
detriment  beyond  a  somewhat  lowered  electrical  charge  effi- 
ciency. In  other  words,  the  cell  does  not  appear  to  be  injured 
by  over-charging  or  discharging,  and  only  suffers  in  electrical 
eflSciency  under  such  treatment. 

The  positive  and  negative  plates  are  mechanically  alike,  .and 
can  scarcely  be  distinguished  by  the  eye.  They  differ  only  in 
the  chemical  contents  of  their  pockets.  The  samples  here  ex- 
hibited, which  are  intended  for  automobile  batteries,  illustrate  the 
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construction.  Each  plate  is  formed  of  a  comparatively  thin 
sheet  of  steel,  0.024"  (0.61  mm)  in  thickness,  in  which  rec- 
tangular holes  are  stamped,  so  as  to  leave  a  grid  or  frame  some- 
what resembling  a  window-frame.  In  the  plate  here  shown, 
there  are  three  rows  of  eight  such  rectangular  holes  or  recesses, 
or  24  recesses  in  all. 

Each  opening  or  recess  is  tilled  with  a  pocket  or  shallow  box 
containing  the  active  material.  These  boxes  correspond  to  the 
panes  of  glass  in  the  window-frame  analogy.  The  panes  instead 
of  being  thinner  than  the  frame,  as  in  an  actual  window,  are 
thicker  than  the  frame,  or  project  slightly  beyond  the  surface  of 


Fig.  8.— Perforated  nickel-plated  Fig.  4.— Steel  box,  lid  and  bri- 
steel  box  and  lid  for  containing  the  (^uette  of  active  material,  ready  for 
active  material.  insertion. 

the  steel  grid.  They  are  perforated  with  numerous  small  holes 
to  admit  the  electrolyte,  but  entirely  conceal  the  contained  active 
material  from  view.  All  that  meets  the  eye,  therefore,  in  any  of 
the  plates,  is  the  steel  frame,  and  its  embedded  "windows''  of 
perforated  steel. 

The  active  material  is  made  in  the  form  of  rectangular  cakes 
or  briquettes,  and  one  such  briquette  is  lodged  in  each  pocket  or 
"  window  pane"  of  the  plate.  Each  of  the  plates  shown,  there- 
fore, supports,  or  contains,  24  briquettes  of  active  material,  all 
in  rigid  contact  with  its  own  substance. 

Each  briquette  is  placed  in  a  shallow,  closely  fitting  nickel- 
plated  box  of  thin  perforated  crucible  steel,  cut  from  a  long  strip 
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of  that  material  0.003"  (0.076  mm.)  thick.  A  cover  or  lid  of  the 
same  material  is  then  laid  over  it,  so  that  the  briquette  is  closely 
enveloped  by  the  sides  and  walls  of  its  perforated  steel  box.  The 
boxes  are  then  placed  in  the  openings  or  holes  in  .  the  nickel- 
plated  steel  grid,  and  closely  fit  the  same.  The  assembled  plate 
is  then  placed  in  a  hydraulic  press,  and  subiected  to  a  total  pres- 
sure of  about  100  tons.  This  pressure  not  only  tightly  closes 
the  boxes,  but  it  also  forces  their  metal  sides  over  the  adjacent 
sides  of  the  recesses  in  the  steel  grid,  thus  clamping  the  whole 
mass  into  a  single  solid  and  rigid  steel  plate  with  the  hollow 
"  window  panes"  full  of  active  material.  The  nickel-plating  of 
both  grids  and  boxes  aids  in  securing  good  permanent  electric 
connections  between  them.  The  finished  plate  has  a  grid  thick- 
ness of  0.024"  (0.61  mm.),  and  a  "  window"  or  pocket  thickness 
of  0.1"  (2.5  mm.).  This  is  the  maximum  thickness  of  the  pJate 
at  any  point,  but  being  of  steel,  the  plate  has  ample  rigidity. 
The  positive  briquettes  (zi  ncs  of  a  primary  cell)  are  made  by  mixing 
a  finely  divided  compound  of  iron,  obtained  by  a  special  chemical 
process,  with  a  nearly  equal  volume  of  thin  flakes  of  graphite. 
The  graphite  does  not  enter  into  any  of  the  chemical  actions,  but 
increases  the  conductivity  of  the  briquettes.  The  graphite  is  di- 
vided into  very  thin  laminae  by  a  chemical  process,  and  these  are 
passed  through  sieves  or  screens  so  as  to  leave  a  size  or  area  of 
flake  that  is  much  larger  than  the  area  of  the  perforation  in  the 
steel  windows.  The  mixture  is  then  pressed  into  briquettes  in 
a  mould,  under  a  hydraulic  pressure  of  about  two  tons  per  square 
inch.  The  briquettes  have  a  surface  area  of  nearly  3"xi"  on 
each  face. 

The  negative  briquettes  (carbons  of  a  primary  cell)  are  made  by 
similarly  mixing  a  finely  divided  compound  of  nickel,  ob- 
tained by  special  chemical  means,  with  a  nearly  equal  bulk  of  fine 
flakes  of  graphite,  and  solidifying  the  mixture  in  a  mould  into 
briquettes  of  the  same  size  as  above. 

A  suitable  number  of  positive  and  negative  plates  are  assem- 
bled together,  being  separated  from  one  another  only  by  a  thin 
sheet  of  perforated  hard  rubber. 

The  assembled  plates  are  placed  in  a  vessel  or  external  con- 
taining cell  of  sheet  steel  containing  the  potash  solution, 
which,  of  course,  does  not  attack  steel.  There  was,  however, 
much  diflBculty  from  the  action  of  the  potash  on  the  soldered 
fleams  of  the  steel  containing  vessel.     After  many  trials,  how- 
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ever,  Mr.  Edison  fouud  a  solder  which  seems  to  be  entirely  un- 
aflEeeted  by  the  alkali. 

In  charging,  the  current  is,  of  course,  sent  into  the  positive 
pole  and  its  attached  negative  nickel- plate,  through  the  electro- 
lyte, and  into  the  positive  plate  of  the  iron  compound  which  car- 
ries the  negative  pole.  This  current  deoxidizes  or  reduces  the 
compound  to  spongy  metallic  iron  and  carries  the  oxygen  through 
the  film  of  electrolyte  to  the  nickel  compound,  oxidizing  it  to  the 
superoxide  of  nickel  Ni  O3,  a  higher  oxide  than  the  peroxide. 
In  other  words,  the  charging  current  simply  carries  oxygen  in 


Fig.  5. — Assembled  and  corapleted 
single  plate  containing  24  briquettes 
of  active  material. 


FiQ.  6.— Sheet  steel  containing- cell. 


the  opposite  direction  against  the  forces  of  chemical  affinity, 
from  the  iron  to  the  nickel,  and  stores  the  energy  in  the  reduced 
iron,  which  is,  of  course,  unaffected  and  passive  in  the  presence 
of  the  potash  solution.  On  discharge,  the  current  passes  from 
the  positive  pole  through  the  external  circuit  to  the  negative 
pole,  and  its  attached  iron  or  positive  plate,  and  then  through 
the  solution  to  the  negative  or  superoxide  plate.  In  so  doing  the 
oxygen  moves  back  against  the  current  and  partially  reduces  the 
nickel  superoxide  Ni  Oj,  while  oxidizing  the  spongy  iron.  The 
energy  of  combination  of  the  iron  and  oxygen  which  would  be 
developed  as  heat  in  the  ordinary  chemical  process,  is  now  liber- 
ated in  the  circuit  as  electrical  energy. 
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The  cell  is  an  oxygen-lift.  Charging  pulls  the  oxygen  away 
from  the  iron  and  delivers  it  temporarily  to  the  nickej.  The 
condition  is  then  stable,  until  the  circuit  of  the  cell  is  completed. 
Discharge  then  allows  the  oxygen  to  fall  back  from  the  nickel  to 
the  iron  by  virtue  of  the  natural  affinity  of  iron  and  oxygen. 

This  action  is  very  different  from  that  which  takes  place  in  the 
lead  storage  cell.  Here,  neglecting  complications,  the  action  is 
usually  regarded  for  practical  purposes  as  being  represented  by 
the  equation 

PbO,+2HjS04+Pb=Pb  S04+2HaO+Pb  SO4+IOO  watt-hours, 

where  the  left-hand  side  represents  the  condition  of  charge 
and  the  right-hand  side  the  condition  of  discharge.  Here  oxy- 
gen is  not  simply  transferred  in  discharge  from  the  peroxide 
to  the  spongy  lead,  but  the  solution  is  changed  (theoretically) 
from  an  aqueous  solution  of  sulphuric  acid  to  plain  water.  Of 
course  the  discharge  could  not  practically  be  carried  to  the  point 
of  denuding  the  solution  of  all  sulphuric  acid,  and  a  surplusage  of 
acid  must  be  used.  The  equation  gives  a  mere  theoretical  out- 
line of  admittedly  very  complex  reactions..  In  other  words,  the 
specific  gravity  of  the  sulphuric  acid  solution  falls  during 
the  discharge,  and  the  solution  enters  into  the  chemical 
combination.  Theoretically,  for  every  446  grammes  of  ac- 
tive material  on  both  plates,  196  grammes  of  sulphuric  acid  are 
required  to  effect  the  combination,  or  44^  by  weight  of  the  active 
elements,  and  in  practice  it  is  usual  to  allow  a  weight  of  sulphuric 
acid  nearly  equal  to  half  the  weight  of  the  elements,  or  about 
one-quarter  of  the  total  weight  of  the  cell. 

In  the  new  Edison  cell,  on  the  other  hand,  the  theoretical 
action  of  the  potash  solution  is  merely  to  provide  the  proper 
channel  through  which  the  oxygen  ions  may  travel  in  one 
direction  or  the  other — ^positive  plate  to  negative  plate  in  charge,, 
and  negative  plate  to  positive  plate  in  discharge.  Consequently^ 
the  amount  of  solution  needs  only  to  be  sufficient  to  fulfill 
mechanical  requirements.  It  is  believed  that  the  weight  of  solu- 
tion will  in  practice  be  only  about  "2.0%  of  the  plate  weight  or 
about  14^  of  the  cell  weight.  In  fact  the  cell  may  be  worked  in 
the  same  manner  as  the  so  called  primary  "dry-cells."  More- 
over,  if  the  solution  should  escape,  or  be  carried  away,  by  gasing 
in  charging,  the  only  detriment  seems  to  be  the  loss  of  active  sur- 
face thereby  occasioned,  and  it  will  only  be  necessary  to  fill  up 
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the  cells  to  the  proper  level  with  water  from  time  to  time,  «as 
evaporation  or  gasing  may  lower  the  level.  For  the  same  rea- 
sons the  specific  gravity  of  the  electrolyte  does  not  appreciably 
vary  during  charge  and  discharge. 

The  briquettes  of  active  material  slightly  expand  on  receiving 
oxygen,  and  slightly  contract  on  delivering  it,  that  is  to  say,  the 
iron  briquettes  contract  and  the  nickel  briquettes  expand  during 
charge,  while  on  discharge  the  iron  briquettes  expand  and  the 
nickel  briquettes  contract.  The  level  of  the  solution  is  in  this 
way  scarcely  affected.  The  expansions  and  contractions  of  the 
briquettes  appear  to  be  well  within  the  elastic  limits  of  the 
spring-steel  containing  boxes,  and  consequently  the  electric  con- 
tact is  always  secure.  The  covers  or  sides  of  the  window  pockets 
merely  approach  to  or  recede  from  each  other  slightly  during 
<^harge  and  discharge.  Fortunately,  steel  is  the  metal  which  pos- 
sesses this  mechanical  elasticity  in  a  marked  degree. 

The  action  of  the  charging  and  discharging  current  upon  the 
briquettes  seems  to  be  transferred  from  their  external  surfaces 
inwards  in  a  manner  similar  to  the  transfer  of  carbon  and  oxygen 
in  the  process  of  making  malleable  cast-iron  in  the  furnace  on 
the  principle  of  cementation.  Ko  active  material  has  been  found 
to  be  ejected  from  the  briquettes  through  the  window  perfora- 
tions, even  under  deliberate  overcharging  and  discharging. 
Such  gas  as  is  thereby  produced  makes  its  appearance  on  the 
external  surface  of  the  windows. 

If  the  nickel  compound  had  no  affinity  for  oxygen,  so  that  en- 
ergy was  neither  developed  nor  absorbed  in  the  deoxidation  or 
further  oxidation  of  that  substance,  then  the  energy  would  be 
entirely  that  due  to  the  energy  of  combination  of  oxygen  and 
iron,  stated  to  be  79.7  watt-hours,  and  representing  an  k.  ic.  f., 
theoretically  obtainable,  of  1.47  volts.  If  the  combination  of 
oxygen  with  the  nickel  compound  be  exothermic  or  energy- 
releasing,  then  the  watt-hours  delivered  (and  the  e.  m.  f.,)  will  be 
lessened  by  the  energy  necessarily  paid  back  to  break  up  the 
combination. 

If  on  the  other  hand  the  combination  is  endothermic  or  energy- 
Absorbing,  then  the  watt-hours  delivered  (and  the  e.  m.  f.)  will  be 
increased  by  the  energy  restored  on  breaking  up  the  combina- 
tion. Since  the  superoxide  eeems  not  to  have  been  known  hith- 
erto, no  information  concerning  its  energy  of  combination  is 
obtainable.    The  electromotive  force  of  the  cell  seems  to  be  so 
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near  to  that  of  the  union  of  iron  and  oxygen  as  to  suggest  that 
the  nickel  superoxide  is  not  far  from  being  neutral,  or  that  the 
nickel  compound  has  but  little  affinity  for  oxygen,  although  the 
superoxide  appears  to  be  quite  stable  in  the  cell. 

The  new  cell  does  not  seem  to  be  appreciably  influenced  by 
changes  of  temperature,  and  should  stand  a  very  low  tempera- 
ture without  detriment.  The  electrolyte — potash — does  not  at- 
tack any  of  the  ingredients  of  the  cell,  nor  are  any  of  the 
ingredients  soluble  therein.  No  local  action  occurs  in  the  ceU  so 
far  as  has  yet  been  observed,  since  the  b.  m.  f.  is  below  that  neces* 
ary  to  decompose  water. 

The  cell  may  be  fully  discharged  to  the  practical  zero  point  of 
X.  x.  F.  without  detriment.  In  fact,  a  cell  has  not  only  been 
-completely  discharged,  but  recharged  in  the  reverse  or  wrong 
direction,  and  after  bringing  it  back  to  its  originally  charged 
state  by  proper  restoration  of  the  direction  of  charging  current, 
the  storage  capacity  remained  unaffected.  It  would  seem, 
therefore,  that  the  cell  should  be  capable  of  withstanding  much 
abupe. 

Diagrams  are  appended  giving  the  curves  of  discharge  of  ex- 
perimental  cells. 

Fig.  7  shows  a  six-hour  discharge  curve  from  observations 
npon  a  small  experimental  Edison  cell,  but  with  the  current 
strength  increased  in  such  proportion  as  to  represent  the  delivery 
of  a  cell  weighing  21  lbs.  Fig.  8  shows  a  3|-hour  discharge  of 
the  same  cell.  The  outfit  is  approximately  the  same  in  both 
•cases.  The  comparatively  sudden  drop  in  pressure  or  bend  in 
the  curve  indicates  a  change  in  the  electro-chemical  action  of  the 
oeU  at  a  certain  point  of  exhaustion  of  the  iron  plate. 

Mr.  Edison  states  that  "  the  negative  plate  (nickel)  either 
charged  or  discharged,  can  be  removed  from  a  working  cell,  and 
4ried  in  the  air  for  a  week,  without  appreciably  injuring  it,  and 
when  the  plate  is  finally  replaced  in  the  cell  its  charge  is  prac- 
tically undiminished." 

The  positive  (iron)  plate,  if  similarly  removed  from  the  cell 
•  will  be  likewise  uninjured,  but  it  soon  loses  its  charge  by  the 
oxidation  of  the  spongy  iron  with  accompanying  liberation  of 
heat  and  appreciable  rise  of  temperature  extending  over  a  period 
of  several  hours.  On  replacing  the  electrode,  however,  in  the  cell, 
the  storage  capacity  is  unaffected  on  recharge. 

As  regards  cost,  Mr.  Edieon  believes  that  after  factory  facili- 
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ties  now  in  course  of  preparation  have  been  completed,  he  will 
be  able  to  fumiflh  the  celle  at  a  price  per  kilowatt  hour  not 
|[reater  than  the  prevailing  price  of  lead  cells. 
Having  now  considered  the  action  and  properties  of  the  cell, 
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a  brief  description  may  be  given  of  the  difficulties  encountered 
in  developing  it. 

The  phenomenon  of  passivity  has  probably  kept  inventors 
from  finding  this  cell  in  the  past.  Mr.  Edison  believes  that  of 
all  the  very  numerous  compounds  of  iron,  and  of  which  he  has 
tried  many  hundreds,  the  particular  compound  which  he  pre- 
pares,  is  perhaps  the  only  one  capable  of  being  used. 
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If  the  dried  hydrates,  or  oxides  of  iron,  native  or  artificial,  are 
subjected  to  electrolytic  reducing  action  in  any  alkaline  solution, 
they  remain  inert  and  unaffected. 

On  the  other  hand,  if  finely  divided  iron  obtained  by  reducing 
a  compound  of  iron  under  the  action  of  a  reducing  agent,  such  aa 
hydrogen,  or  carbonic  monoxide  is  subjected  to  electrolytic  oxida- 
tion in  an  alkaline  solution  it  is  inert  and  cannot  be  oxidized.  It 
assumes  the  well  known  passive  state. 

The  same  difiiculty  of  passivity  affects  the  use  of  nickel  or  the 
negative  element.  Finely  divided  nickel,  reduced  from  a  nickel 
compound,  remains  inactive  when  subjected  to  electrolytic  oxygen 
in  an  alkaline  solution.  The  monoxide  and  the  black-oxide  or 
peroxide  are  also  inert.  No  oxide  of  nickel  is  active  or  can  be 
made  active  by  electrolytic  action,  and  the  peroxide  does  not  act 
as  a  depolarizer. 
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Discussion. 

Ds.  Kennelly: — Summing  up,  then,  jou  will  observe  that 
the  snbstanees  of  which  the  cell  is  composed  are  steel  and  iron^ 
thofle  substances  which  are  so  enormously  important  in  engineer- 
ing generally.  It  is  from  steel  and  iron  that  the  structures  of 
mechanical  and  civil  engineering  are  produced.  It  is  steel  and 
iron  that  have  given  us  dynamos  and  dynamo-electric  machinery 
for  the  transmission  of  electric  power.  Without  steel  and  iron 
we  would  not  be  able  to  employ  electricity  commercially  in  such 
applications.  Let  us  hope  that  steel  and  iron  may  be  similarly 
the  foundation  of  a  great  improvement  in  the  storage  celL 
By  a  curious  coincidence,  all  the  actiye  substances  in  this  cell  are 
distinctively  magnetic — iron,  nickel  and  the  working  substance, 
oxygen.  The  real  difficulty  presented,  as  Mr.  Edison  states  it, 
was  in  finding  salts  of  iron  and  nickel  which  would  work,  which 
would  not  remain  passive,  and  I  understand  him  to  eay  that  he 
has  practically  had  to  find  new  substances,  in  the  sense  of  sub- 
stances under  conditions  not  recognized  or  known — virtually  new 
salts,  which  would  be  capable  of  activity,  of  charging  and  dis- 
charging in  this  way. 

Db.  N.  S.  Keith  : — Mr.  President,  calling  to  mind  the  old  adage 
that  the  ^^  proof  of  the  pudding  is  in  the  eating,"  we  can  add  that 
it  rests  also  in  inverse  ratio  to  a  man's  digestive  disturbance,  for 
good  pudding.  I  do  not  wish  to  criticise  this  cell,  because  I  have 
not  figures  enough,  and  have  not  facts  enough  under  which  to 
criticise.  I  hope  that  it  is  going  to  be  all  that  is  said  for  it  this 
evening.  But  I  notice  that  there  is  an  absence  of  curves  of 
charge  to  compare  with  the  curves  of  discharge.  It  is  by  com- 
paring those,  we  determine  the  cost  of  storing  and  utilizing 
the  electrical  energy.  We  seem  to  have  a  new  chemistry  given 
to  us,  as  well  as  a  new  electrolytic  cell.  We  have  here  a  mixture 
with  graphite,  a  recognized  strongly  electro-negative  material.  I 
will  grant  you  that  graphite,  iron  and  nickel  have  very  little  differ- 
ence in  their  electro-motive  forces  when  immersed  in  a  solution 
of  potassium  hydroxide.  But  we  have  changes  of  those  condi- 
tions. Under  charge  we  get  a  so-called  new  oxide  of  nickel, 
something  beyond  a  peroxide  of  nickel — a  hitherto  unknown  thing, 
an  exceedingly  electro-negative  material  under  the  conditions, 
and  it  is  associated  with  graphite,  a  less  electro-negative.  When 
told  that  there  is  no  local  action,  to  a  chemist  it  seems  there  must 
be  some  mistake,  or  else  there  is  a  new  chemistry.  Then  again, 
when  we  have  oxide  of  iron  we  have  a  like  condition  of  a  highly 
electronegative  material,  graphite,  in  combination,  in  close  con- 
tact with  a  more  highly  electro-negative  oxide  of  iron,  and  that 
there  is  no  local  action  taking  place  seems  to  me  at  least  astonish- 
ing. I  will  bow  to  results  and  say  that  he  must  be  dealing  out  a 
little  different  chemistry  from  what  we  have  been  taught  up  to 
the  present  time.  I  think  that  we  should  not  put  out  in  a  scien- 
tific paper  read  here,  a  statement  like  this — that  '^  the  cell  is  an 
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ozjgen  lift ; "  that  i8,  it  is  simply  a  transmitter  of  oxjgeD  from 
one  place  to  another,  as  though  it  was  directly  done — taken  from 
one  plate,  carried  over  and  put  in  the  proper  place  on  another. 
Electro-chemists  know  that  no  oxygen  can  be  transferred  from 
one  place  to  another  in  an  electrolyte  without  secondary  actions 
and  reactions  taking  place.  I  suggest  that  before  this  be  put  out 
to  the  world,  it  be  modified  on  that  poiot,  so  that  we  will  not,  as 
a  scientific  body,  issue  an  imperfect  statement  of  that  kind.     In 

Emeral,  common,  every-day  language,  in  explaining  things  to  a 
yman,  we  might  say  that  oxygen  was  taken  from  one  and  put 
over  to  the  other.  Well,  it  is ;  but  it  is  done  in  a  more  com- 
plicated way  than  it  would  seem  to  be  by  the  statement. 

Mr.  Chas.  p.  Steinhetz  : — The  most  striking  feature  of  this 
new  storage  battery  cell  shown  here,  and  especially  striking  to 
those  who  have  anything  to  do  with  the  lead  accumulator,  and 
especially  those  forms  oi  lead  accumulator  in  which  an  attempt 
is  made  to  increase  the  output  by  reducing  the  weight — the  most 
striking  feature  of  this  is  the  very  solid  and  substantial  mechani- 
cal construction.  It  is  really  a  mechanical  apparatus,  apparently, 
and  not  a  laboratory  instrument,  as  the  storage  battery  of  the  lead 
type  actually  is,  or  seems  to  be,  and  as  experience  seems  to  show 
it  to  be.  I  have  no  very  extended  experience;  I  have  no  very 
continued  experience  with  lead  storage  batteries.  I  had  an  ex- 
perience as  far  back  as  1880,  and  I  agree  with  Prof.  Thomson 
when  he  told  me  once  that  he  found  a  very  satisfactory  use  for  his 
lead  storage  battery — the  best  use  he  ever  could  put  it  to,  and 
that  was  to  melt  it  down  and  use  it  as  a  counter-weight  in  his 
telescope.  There  may  undoubtedly  be  some  very  good  use  for 
the  old  material,  and  it  has  done  some  veir  good  work,  and  is 
still  doing  work  where  weight  is  not  essential,  where  you  can  have 
much  weight  and  careful  attendance.  Still  it  is  not  a  very 
mechanical  structure,  and  this  cell  seems  to  offer  certain  advan- 
tages, and  promises  to  be  more  mechanical  and  extremely  neat, 
as  we  look  at  it  here.  As  to  the  chemistry  of  this  new  cell,  there 
seems  to  be  something  very  mysterious — some  peroxide  which  is 
very  little  known  in  chemistry.  But  we  know  that  many  of 
these  metals,  of  the  iron  group  especially,  have  iron  oxides  which 
are  more  or  less  stable,  and  at  the  same  time  I  do  not  think  we 
can  make  this  an  objection  to  the  new  accumulator,  because  no 
one  has  ever  fathomed  the  chemistry  of  the  lead  accumulator,  or 
come  near  to  it.  I  stated  that  the  most  interesting  and  promising 
feature  of  the  cell  is  the  neat  mechanical  construction,  which  is 
very  encouraging  compared  with  other  proposed  and  tried  storage 
cells.  Those  people  who  know  Mr.  Edison's  work  will  hardly 
find  it  astonishing,  because  we  all  probably  agree  that  whenever 
Mr.  Sdison  has  brought  out  something,  he  has  developed  it 
mechanically  so  far  that  it  is  really  a  machine,  a  mechanical 
instrument,  and  not  a  laboratory  toy. 

Mr.  Robt.  McA.  Lloyd  : — I  think  we  ought  all  to  be  grateful 
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to  Dr.  Kennellj  for  his  splendid  presentation  of  this  subject  to- 
night. In  the  compass  of  a  few  pa^es  he  has  laid  before  us  a 
great  deal  of  information  for  which  we  have  been  waiting. 

I  think  we  ought  also  to  realize  that  this  is  the  result  of  a  long 
research  by  Mr.  Edison,  apd  that  the  Institute  is  fortunate  in 
being  the  medium  through  which  another  great  development  in 
electrical  science  is  made  known  to  the  world.  While  some  of 
us  have  experimented  with  nickel  and  iron  in  storage  batteries, 
I  believe  Mr.  Edison  has  carried  his  investigations  in  this  subject 
much  further  than  anyone  else,  and  the  plates  shown  us  to-night 
are  worthy  not  only  of  our  interiest,  but  of  our  greatest  admira- 
tion. On  the  other  hand,  I  do  not  agree  with  Mr.  Steinmetz  in 
his  statement  that  this  is  a  mechanical  success  as  compared  with' 
the  old  lead  storage  batteries.  We  have  yet  to  find  out  the  diffi- 
culties with  this  finely  constructed  iron  instrument.  It  is  hardly 
likely  that  it  will  last  forever,  and  probably  it  will  not  be  as  ideal 
as  we  all  hope  it  will  be.  These  iron  structures  may  possibly  de- 
teriorate in  the  presence  of  electrolysis,  and  the  fact  that  has 
been  suggested  to  us  of  the  presence  of  graphite,  points  to  other 
possible  Sfflculties  besides  local  action.  There  also  seems  to  be 
a  suggestion  in  Dr.  Eennelly's  paper  that  there  is  local  action, 
inasmuch  as  he  speaks  of  '^  initial  voltage  of  discharge  after 
receiving  the  charge."  I  would  like  to  ask  him  whether  any 
noticeaUe  change  had  occurred  in  the  voltage  after  standing 
on  charge.  The  mean  voltage  is  rather  low  compared  with 
the  initial  voltaee  of  the  charge.  Perhaps  I  did  not  understand 
his  exposition  of  the  curves,  but  from  the  mean  voltage  being  1.1 
volts  it  looks  as  if  the  voltage  must  fall  at  times  down  to  near 
half  a  volt.  A  large  part  of  the  capacity  of  the  cell  must  there- 
fore be  delivered  at  a  low  voltage.  The  internal  resistance  is 
certainly  high,  quite  as  high  as  the  internal  resistance  of  the 
average  storage  battery  in  proportion  to  its  watt  capacity.  The 
solution  is  also  going  to  be  troublesome  if  it  is  not  chemically 
pure,  because  iron  and  other  things  are  very  likely  to  get  into 
water,  and  of  course  are  going  to  make  trouble  in  that  oattery. 
Perhaps  iron  would  not  have  any  very  serious  effect,  but  there 
are  many  kinds  of  water  which  would  very  likely  muddle  up 
those  bri(]^uettes  of  nickel  in  the  course  of  two  or  three  years. 
And  looking  .at  it  broadly,  it  seems  to  me  hardly  likely  that  these 
fine  plates  and  those  briquettes  are  going  to  maintain  their  me- 
chanical or  chemical  constituency  for  a  very  much  longer  period 
than  tke  clumsy  old  lead  laboratory  instrument  with  which  we 
are  all  familiar.  The  lead  battery  is  clumsy,  but  after  all  it  is 
just  about  as  commercial,  as  far  as  we  know,  as  this  is  likely  to 
be.  I  do  not  feel  that  we  have  had  enough  experience  with 
these  cells  to  be  able  to  predict  anything  about  tnem.  I  only 
hope  that  they  will  be  all  tnat  Mr.  Edison  believes  them  to  be. 

The  Pbssidbnt  : — If  there  is  no  further  discussion,  I  would 
like  to  ask  Dr.  Kennelly  whether  the  solution  does  not  have  to 
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be  protected  from  the  air?  I  do  not  recall  whether  this  is- 
referred  to  in  the  paper. 

Dr.  Kbnnbllt  : — It  is  not  mentioned  in  the  paper. 

The  Pbesideiit:— The  trouble  with  the  use  of  caustic  potasb 
in  batteries  of  that  kind  is  that  it  changes  into  the  carbonate 
when  in  contact  with  the  air,  and  it  must  therefore  be  protected 
with  a  layer  of  oil  or  something  similar. 

I  would  also  like  to  ask  whether  there  ie  not  a  strong  corroding 
action  on  the  luge  of  the  plates  along  the  surface  of  the  liquid^ 
where  both  the  air  and  the  liquid  are  jointly  or  alternately  in 
contact  with  the  luge  of  the  plates. 

Mb.  Mailloux  : — I  would  like  to  ask  Dr.  Kennelly  if  he  could 
give  us  some  even  approximate  data  in  regard  to  the  efficiency  of 
the  battery.  He  has  given  the  mean  voltage  of  discharge.  Could 
he  give  us  also  the  mean  voltage  of  charge,  so  that  we  might 
obtain  what  Regnier  has  so  aptly  called  the  "  coefficient  of  drop  '** 
or  the  ratio  of  the  mean  e.  m.  f.  of  discharge  to  that  of  chars^e? 
Could  he  also  give  us  the  mean  ampere-hours  of  charge,  so  tnat 
we  might  obtain  what  Regnier  also  so  aptly  calls  the  "  coefficient 
of  restitution,"  or  the  ratio  of  the  discharge  ampere-hours  to  the^ 
charge  ampere  hours ;  that  is,  the  relative  yield  in  ampere-hours  *,. 
the  product  of  which  two  coefficients  gives  the  absolute  efficiency 
of  a  battery.  In  other  words,  could  he  give  ns  either  in  watt- 
hours  the  amount  of  energy  required  to  fully  charge  the  cell  to 
obtain  a  good  normal  discharge,  or  could  he  give  us  separately 
the  two  Uctors,  voltage  and  amperes  ? 

Mb.  H.  G.  Stott: — There  is  one  point  I  notice  about  this  bat* 
tery  which  in  a  practical  way  might  be  rather  troublesome,  and 
that  is  that  the  initial  voltage  of  discharge  is  1.5  volts.  .  The  mean 
point  of  discharge  is  stated  as  approximately  1.1  volts.  There  is 
a  drop  of  about  26.6  per  cent.  Now,  that  change  of  voltage 
would  have  to  be  taken  care  of  in  practice  by  either  a  booster  or 
end  cells.  I  would  like  to  ask  how  rapidly  this  fall  of  pressure 
takes  place. 

In  the  lead  cell  the  voltage  falls  immediately  from  2.5  to  2.2* 
as  soon  as  the  charge  stops,  and  the  pr£U3tical  discharging  voltage 
is  between  the  limits  2.1  and  1.8,  or  a  variation  of  14.3jg,  whereas 
with  the  Edison  cell  there  is  apparently  a  drop  of  26.6^ — calling 
for  practically  double  the  regulating  apparatus  necessary  with 
the  lead  cell. 

Db.  Kennelly; — I  will  do  the  best  I  can  to  answer  the  ques- 
tions that  have  been  put.  In  regard  to  the  charging  electro- 
motive force,  it  commences  at  about  1.5  and  ends  about  1.6,  and 
I  suppose  that  1.55  would  be  about  the  mean  charging  voltage. 
The  discharging  mean  voltage  of  1.1  includes  a  discharge  earned 
down  to  as  low  as  .3.  As  you  saw  on  the  last  diagram  (Fig.  8)^ 
if  you  carry  the  discharge  only  as  low  as  one  volt,  the  mean 
terminal  potential  difference  of  discharge  would  be  more  like 
1.25  volts.     Consequently,  under  those  conditions,  with  a  some* 
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what  reduced  output,  you  would  have  a  fall  between  1.55  and 
1.25. 

As  regards  the  graphite,  I  believe  that  that  does  not  enter  into 
any  chemical  action  whatsoever.  Whether  it  might  ultimately  do 
80  on  forcing  the  cell  to  extreme  overcharge,  I  do  not  know ;  but 
it  appears  to  be  inert,  according  to  the  statements  I  have  received. 
Its  purpose  is  to  improve  the  conductivity  of  the  briquettes.  I 
believe  there  is  no  sensible  loss  by  local  action.  Mr.  Edison 
states,  in  the  passage  I  have  quoted,  that  after  a  nickel  plate  was 
taken  out  and  dried  for  a  week,  its  ampere-hour  capacity  and,  I 
suppose,  also  its  watt-hour  capacity,  was  not  appreciably  affected. 

As  regards  the  oxygen-liit  question,  I  know  that  that  is  a  rather 
popular  way  of  expressing  the  matter,  but  I  think  it  is  justified 
m  so  far  as  we  deal  with  the  general  resulting  action.  In  the 
charged  condition  there  is  a  relative  superabundance  of  oxygen 
at  the  negative  plate.  In  the  discharged  condition,  there  i& 
a  relative  superabundance  of  oxygen  at  the  positive  plate.  In 
charging,  therefore,  oxygen  is  transferred  against  the  forces  of 
chemical  affinity  from  the  positive  to  the  negative  plate.  In  dis- 
charging, the  oxygen  is  transferred  with  the  forces  of  chemical 
affinity.  Now  the  action,  of  course,  by  which  that  transfer  takes 
place  is  much  more  complicated,  and  I  have  not  attempted  to 
carry  it  out;  in  fact,  I  do  not  know  it.  Unless  we  all  know 
accurately  what  the  compound  was  and  just  exactly  what  that 
salt  of  nickel  was — it  is  only  assumed  to  be  nickel  peroxide — we 
could  not  attempt  to  map  exactly  the  actions  that  occur.  But 
whatever  those  actions  may  be,  we  know,  broadly  speaking,  that 
after  discharge  there  is  more  oxygen  with  the  iron  and  less  with 
the  nickel,  and  on  the  contrary,  the  oxygen  is  transferred  in 
charging ;  also  that  is  the  only  ultimate  change  apparently  taking 
place  in  the  cell.  It  is  fair  to  say,  from  a  general,  broad  stand- 
point, that  by  charging  you  have  lifted  the  oxygen  away  from 
chemical  affinity  and  have  pulled  it  out  of  its  natural  position, 
and  when  you  let  the  cell  discharge,  you  reverse  that  operation 
and  allow  the  oi^ygen  to  return.  Whether  there  are  intermediate 
steps  by  which  the  ions  go  in  different  directions,  etc.,  is  a  matter 
which  we  need  not  concern  ourselves  about  and  which  it  does 
not  profit  us  at  the  first  glance  to  enter  into.  When  the  chemistry 
of  the  subject  is  better  understood,  then  these  minute  actions  and 
the  more  correct  phenomena  will  be  understood. 

I  think  I  have  answered  Mr.  Steinmetz's  question.  As  regards 
NIO^  the  voltage  fall  is  not,  as  I  understand  it,  attributable  to 
local  action.  The  voltage  fall  is  due,  I  presume,  to  a  superficial 
exhaustion  of  the  briquettes,  and  the  consequent  interposition  of 
an  obstacle  to  the  action  of  the  undischarged  briquettes  in  their 
interior,  and  I  suppose  that  fall  of  electro-motive  force  is  due  to 
the  8Uf)erficial  layer  of  discharged  substance.  The  drop  in  the  cell 
is  of  course  that  permanent  fall  plus  the  Ili  drop.  I  do  not 
think  that  I  can  answer  accurately  the  questions  concerning  the 
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frecise  amount  of  that  carrent-resistance  drop  at  different  loads, 
have  not  made  any  succession  or  series  of  observations  upon  the 
cells  myself,  and  I  only  take  the  figures  and  results  that  have 
been  given  to  me,  and  there  is  about  10^  drop  at  a  3i^  hour  rate. 
As  regards  the  troubles  from  the  solution,  if  not  chemically 
pure,  I  suppose  that  may  be  safely  admitted.  If  you  do  not  have 
pure  solutions  you  may  have  trouble,  and  it  may  be  necessary 

Erhaps  to  occlude  the  solution,  as  is  done  now  with  the  Edison- 
lande  cells,  or  in  some  other  manner. 

In  regard  to  the  volume  comparison,  I  have  not  made  any 
careful  comparison.  The  cell  is  very  compact,  as  you  see,  and  it  is 
essentially  a  steel  cell  as  compared  with  alead  cell.  It  will  be  compact 
both  by  virtue  of  the  thinness  of  the  plates  and  by  virtue  of  the 
small  separation  or  clearance  between  the  two.  The  coefficient 
^f  efficiency,  so  far  as  I  know  it,  is  simply  represented  by  the  com- 
parison between  the  mean  charging  voltage  of  1.55  approximately, 
and  the  discharging  voltage  of  about  1.25,  if  you  carry  the  dis- 
charge to  the  1  volt  point.  As  to  the  ampere-hour  coefficient  I 
do  not  know  that. 

I  think  that  I  have  answered  most  of  the  questions  which  have 
been  put  to  me. 

Mb.  Justus  B.  Entz  : — I  have  experimented  with  both  iron, 
steel  and  nickel  plates,  in  alkaline  solution,  and,  as  Dr.  Kennelly 
toys,  it  is  difficult  to  reduce  the  oxide  or  oxidize  the  pure  metal. 
The  higher  oxide  of  iron  that  I  have  seen  produced  electrolyti- 
cally  under  these  conditions  was  soluble  in  the  solution.  There 
is  apparently  some  intermediate  oxide  that  is  capable  of  being 
raised  to  a  higher  point  and  lowered  again.  I  have  never  run 
across  anything  like  it,  and  the  composition  of  the  cells  was 
totally  unexpected.  The  general  difficulty  which  I  have  seen 
with  the  two  metal  cells  as  compared  with  the  one  metal  cell  like 
the  lead  battery,  .is  local  action ;  if  in  a  lead  battery  any  ma- 
terial from  the  positive  plate  should  come  off  and  get  into  the 
solution  and  attach  itself  to  the  negative,  it  will  immediately  be 
reduced  to  spongy  lead  and  become  part  of  th^  negative  plate. 
There  is  no  loss  of  energy  except  as  represented  by  that  amonnt 
of  peroxide.  But  in  any  two-metal  cell,  as  this ;  if  nickel,  for 
instance,  which  has  a  difference  of  potential  from  that  of  reduced 
iron,  should  get  on  the  iron  plate,  local  action  would  go  on  indefi- 
nitely. So  that  the  presence  of  the  slightest  amount  of  material 
from  the  positive  on  the  negative  would  create  a  local  action 
which  would  go  on  indefinitely.  That  has  been  one  of  the 
greatest  objections  to  a  cell  composed  of  different  metals,  and 
not  simply  oxides  and  reduced  metal  of  the  same  metal,  as  in  the 
lead  celt ;  the  alkaline  solution  itself,  in  my  experience,  has  got  to 
be  covered  with  a  layer  of  oil.  I  have  also  found  it  has  quite  a 
high  internal  resistance  unless  it  is  kept  at  a  high  temperature. 
With  the  copper-zinc  cells  it  was  necessary  to  keep  the  solution 
at  a  temperature  of  about  130^  to  enable  it  to  do  any  commercial 
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work.  In  regard  to  lead  batteries  such  as  are  used  to-day,  a  bat- 
tery is  being  used  very  extensively  which  has  a  capacity  of  about 
12Vatt-honrs  per  pound.  Of  course  batteries  can  be  constructed^ 
and  commercial  batteries  too,  up  to  15,  16,  and  more  watt-hours 
per  pound ;  but  to-day  a  battery  having  a  capacity  of  12  watt- 
nours  per  pound  and  weighing  from  30  to  35^  of  the  weight  of 
the  venicle  will  propel  an  automobile  between  40  and  60  miles, 
according  to  the  general  size  of  the  vehicle.  That  takes  up  quite 
a  space  in  the  vehicle.  As  this  new  battery  has  a  less  specific 
weight  than  the  lead  cell  of  the  same  capacity  per  pound,  so, 
weight  for  weight,  this  style  of  cell  would  necessarily  be  more 
bulky. 

Dk.  Kennelly  . — In  giving  these  figures,  you  refer  to  the 
alkaline  cell,  not  the  lead  cell. 

Mb.  Entz  : — Oh,  yes,  lead  cells  of  a  type  such  as  have  done 
about  100,000  miles  last  month  in  automobile  service.^ 

Mk.  Mailloux  : — There  are  several  mysteries  about  this  cell, 
more  especially  about  the  chemical  structure  and  the  reaction  of 
the  iron ;  but  there  is  another  thing  which  seems  to  me  far  more 
mysterious,  if  the  explanation  given  be  the  whole  explanation. 
We  have  heard  of  the  transfer  of  oxygen  and  the  reference  to  a 
means  for  "lifting  the  oxygen."  Now,  if  the  reaction  involved 
be  one  which  concerns  oxygen  only,  then  we  have  a  mysterious 
case  of  selective  electrolysis  in  which  we  have  the  evolution  of 
ions  only  at  one  pole.  Now,  we  know  of  no  case  in  electrolysis 
where  Ve  have  an  anion  without  a  cation.  Certainly  in  this  case, 
if  the  ordinary  laws  of  electrolysis  apply,  every  time  that  oxygen 
is  transferred,  a  corresponding  cation  must  also  be  transferred, 
not  only  during  the  charge,  but  during  the  discharge.  I  surmise 
that  this  must  be  the  case  in  this  particular  instance,  and  that 
hydrogen  must  be  the  corresponding  cation  which  is  evolved. 
We  know  that  iron  can  be  reduced  to  its  metallic  state  from  its 
oxides  by  the  action  of  hydrogen,  and  there  are  several  forms  of 
finely  reduced  iron,  including  the  kind  known  as  **  iron  by  hy- 
drogen ''  in  pharmacy.  Reduction  of  oxygen  merely  takes  place 
by  the  operation  of  hydrogen  in  some  form  or  other,  in  the  nas- 
cent state,  so-called,  or  in  the  peculiar  condition  evolved  as  an  ion 
at  the  cathode.  It  would  be  interesting  to  have  Dr.  Kennelly 
state  whether  he  has  not  heard  from  Mr.  Edison  that  hydrogen 
performed  its  part  in  the  mystery  of  the  reactions  of  this  battery. 
As  for  the  O  which  he  has  used  on  the  black  board,  to  represent 

1.  The  lead  battery  referred  to  is  to-day  largely  employed  by  the  New  York 
Elec.  Vehicle  Transportation  Co.,  100  batteries  are  now  in  service  and  are 
doing  an  average  mileage  of  1,000  miles  a  month,  while  in  some  cases  the 
average  service  is  as  hi^h  as  1,200  miles  a  month,  and  up  to  date  2,500  to  8,000* 
miles  have  been  run  with  one  set  of  batteries.  The  total  mileage,  on  one  charge, 
in  the  large  electric  broughams  and  hansoms,  such  as  are  commonly  seen  on  the- 
streets,  is  from  45  to  50  miles,  in  regular  service. 


Digitized  by  VjOOQIC 


im  KENNELL7  ON  EDISON  STORAGE  BATTERY,       [May  21. 

the  mysterioas  undefined  quantity  of  oxygen  entering  into  the 
combination ;  I  think  it  would  be  well  to  put  a  little  sub  "  n  *'  or 
a  little  sub  "  x  "  after  the  O. 

Dk.  Kennelly  : — Of  course  it  goes  without  saying  that  you 
cannot  have  an  oxygen  ion  or  a  hydroxy!  ion  going  one  way 
without  having  a  corresponding  cation  the  other  way.  But  all  I 
maintain  is  that  according  to  the  results  which  have  been  stated 
to  me,  the  solution  is  unaltered,  and  the  salts  which  are  formed 
in  charge  and  discharge  diflFer  from  each  other  essentially  only  in 
the  oxygen  or  hydrated  oxygen  contents.  The  resultant  change 
is  essentially  an  oxygen  change.  The  transfer  of  the  cation  may 
produce  temporary  chemical  change,  but  no  resultant  change  in 
the  electrolyte. 

Mb.  Mailloux  : — That  is  just  exactly  where  I  would  diflFer 
from  Dr.  Kennelly.  I  would  submit  that  unless  gases  be  evolved 
there  during  the  charge  or  discharge,  then  there  must  be  a  trans- 
portation of  hydrogen  ions  to  the  cation  side,  and  I  would  submit 
that  those  ions  are  quite  as  important  in  the  reaction  as  the 
oxygen  ions,  and  that  no  complete  formula  of  the  action  which 
takes  place  can  be  made  without  taking  into  consideration  the 
amount  of  energy  necessary  for  that  change  of  condition  of  the 
hydrogen  or  its  transfer.  There  mnst  necessarily  be  a  transfer  of 
hydrogen  from  the  one  plate  to  the  other ;  when  the  oxygen  goes 
to  the  positive  plate,  the  hydrogen  goes  to  the  negative,  and  in 
the  reverse  action  of  the  battery  the  reverse  process  must  take 
place.  It  is  equally  certain  that  the  complete  reactions  canftot  be 
examined  electrolytically  or  electrothermically  without  taking  into 
consideration  both  of  those  constituents. 

Mb.  Edward  P.  Thompson  : — Speaking  about  spongy  iron — I 
understand  that  spongy  iron  was  formed^-of  course  that  is  iron 
with  an  absorbed  gas,  and  that  gas  is  probably  hydrogen. 

Db.  Williams:— I  do  not  see  any  reason  for  bringing  hydro- 

fen  into  this  at  all.  Potassium  is  what  does  migrate  there, 
^otassium  could  be  the  reducing  agent  at  the  electrodes,  it  seems 
to  me,  unless  hydrogen  were  lound  to  be  generated  at  the  elec- 
trodes as  gas. 

Mb.  Mailloux: — I  accept  the  modification,  because  potassium 
might  replace  hydrogen,  being  also  a  strong  electropositive  sub- 
stance, if,  however,  potassium  is  actually  transferred,  the  solu- 
tion density  will  not  remain  unchanged  in  charge  and  discharge. 
Mb.  Chas.  J.  Reed  : — It  seems  to  me  that  this  battery  is  an 
exceedingly  interesting  one,  and  I  i or  one  feel  like  congratulating 
Mr.  Edison  on  the  i^esults  he  has  attained.  The  battery  is  inter- 
esting from  a  chemical  standpoint,  being  of  an  entirely  diflFerent 
type  from  any  of  the  accumulators  that  have  ever  been  put  into 
practical  use.  There  have  been  recently  some  others  working  in 
the  same  field,  who  have  produced  batteries  of  this  particular 
type,  but  of  other  materials,  not  using  iron  or  nickel.  I  had 
occasion  recently  to  examine  such  a  battery  and  was  somewhat 
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:8arprised  at  the  results,  some  of  which  were  exceedingly  interest- 
ing. In  the  particular  case  that  I  refer  to.  a  battery  weighing 
about  six  pounds  gave,  in  its  best  condition,  a  capacity  of  80 
ampere-hours  with  an  average  electromotive  force  of  one  volt,  or 
something  like  16  watt-hours  per  pound  of  complete  cell.     One 


Fig.  9. 


peculiarity  in  this  particular  cell  was,  that  it  showed  in  a  much 
more  marked  degree  than  this  battery  of  Mr.  Edison  the  succes- 
sive chemical  changes  which  take  place  in  the  cell.  The  cui-ves 
of  charge  and  discharge,  instead  of  being  straight  or  being  single 


Fig.  10. 


<5urve8,  were  made  up  of  several  curves.  The  charge  curve  was  of 
the  form  shown  in  rig.  9.  The  electro-motive  force  at  the  begin- 
ning of  the  charge  being  about  one  volt,  and  at  the  end  of  the 
charge  about  two  volts.  The  discharge  ourve  was  as  shown  in 
Fig.  10,  the  point  a  of  the  charging  curve  corresponding  to  the 
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point  a}  in  the  discharge  curve,  and  the  point  h  corresponding  to 
y,  showing  evidently  that  the  electrical  energy  is  not  produced 
from  a  single  chemical  reaction,  but  that  there  are  several  chemical 
reactions  taking  place  in  succession.  During  the  early  part  of 
the  charge  there  is  a  chemical  change  which  corresponds  to  one 
part  of  the  curve.  When  in  charging  the  battery,  all  the  material 
nas  been  converted  into  certain  products,  a  second  chemical  reac- 
tion takes  place  which  requires  a  higher  electromotive  force,  and 
the  absorption  of  more  energy,  then  a  third  reaction.  In  the 
process  of  discharging,  the  chemical  reaction,  which  required  the 
absorption  or  the  greatest  energy,  begins  first  to  reverse  and 

SVes  out  the  greatest  energy.  While  this  reaction  is  in  progress 
e  electromotive  force  drops  down  to  the  point  a\  and  so  on 
with  the  subsequent  chemical  reactions.  One  peculiarity  of  the 
cell  examined  by  me  was  that  at  the  points  a  and  h  the  electro- 
motive force  actually  fell  below  that  which  it  had  attained 
earlier  and  in  discharging  rose  higher  at  a^  and  ¥  than  at  preced- 
ing points.  In  other  words,  in  discharging  with  a  uniform  current 
the  electromotive  force  dropped  below  the  point  a}  and  then  rose 
again  slightly  to  a\  then  dropped  below  J*  and  rose  again  to  y. 
It  seems  to  me  that  a  cell  of  this  type  is  interesting  particularly 
from  three  different  standpoints.  In  the  first  place,  an  ideal 
battery  is  one  in  which  the  material  will  undergo  as  little  motion 
as  possible;  the  material  which  enters  into  the  chemical  reaction 
will  remain  in  a  certain  fixed  place.  In  any  cell,  in  which  the 
electrolyte  takes  part  in  the  chemical  action  and  combines  with 
the  substance  of  the  electrode,  that  of  course  is  impossible ;  the 
electrolyte  must  alternately  go  into  and  out  of  the  electrode, 
causing  not  only  mechanical  disintegration  but  limiting  the  capar 
city  of  the  cell  by  the  quantity  of  the  electrolyte.  When  the  elec- 
trolyte of  such  a  cell  is  exhausted  to  a  certain  extent,  the  capacity 
of  the  cell  is  ended,  no  matter  how  much  solid  active  material 
you  may  have  in  the  electrodes.  Now,  in  the  type  of  cell  des- 
cribed here  this  evening  that  difliculty  is  eliminated.  As  Dr. 
Kennelly  has  stated,  it  is  only  necessary  to  have  enough  electro- 
lyte to  wet  the  plates,  and  the  less  you  have  and  the  closer  your 
{)lates  are  together  the  better  off  you  will  be,  because  ^ou  have 
ess  resistance  and  less  weight  to  carry.  Another  point  which 
theoretically  is  of  advantage  in  this  type  of  cell  is  that  the  resis- 
tance tends  to  remain  more  constant.  If  we  have  at  the  start 
two  electrodes,  one  of  which  is  a  metal  and  the  other  a  metallic 
oxide,  the  metal  is  a  good  conductor,  the  metallic  oxide  is  gen- 
erally a  good  conductor,  a  much  better  conductor  than  metallic 
sulphates  in  the  solid  state.  In  the  discharge  of  a  cell  of  this 
type,  the  metal  plate  becomes  an  oxide,  and  the  oxide  plate 
becomes  a  metal.  The  change  in  resistance  in  general  we  should 
not  expect  to  be  so  great  as  where  a  metal  and  a  conducting: 
oxide  both  became  a  non-conducting  sulphate  such  as  we  have  in 
the  lead  cell.  Experience  with  the  various  types  of  alkaline  zine^ 
copper  batteries  have  shown  that  this  is  the  case. 
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There  is  one  other  chemical  reason  why  this  cell  is  exceedingly 
interesting.  It  may  not  be  practical,  but  it  points  to  a  possibility 
which  many  of  as  have  been  looking  for..  If  we  suppose  these 
plates  to  be  made  very  thin,  so  that  they  could  easily  be  washed ; 
for  example,  if  we  imagine  a  battery  to  be  constructed  in  such  a 
way  that  we  have  a  thin  film  of  the  metal  on  one  plate  and  a 
thin  film  of  oxide  on  the  other,  so  that  the  alkaline  solution  could 
easily  be  washed  out,  it  does  not  require  a  great  stretch  of 
imagination  to  step  away  from  the  dynamo  altogether.  In  other 
words,  when  this  battery  is  discharged,  we  can  take  the  plates 
out  of  the  solution,  drain  them  o£F,  wash  out  the  alkali,  and  then 
we  have  simply  got  our  oxygen  transferred  from  one  plate  to  the 
other  as  Dr.  Kennelly  has  explained.  What  we  want  to  do  is  to 
transfer  the  oxygen  back  again.  Now,  there  are  other  ways 
besides  electro-chemical  action  in  which  that  can  be  done.  For 
example,  we  have  in  this  particular  battery,  assuming  the  formula 
given  in  the  paper  to  represent  the  reaction,  nickelhyper-oxide, 
as  it  is  called  in  the  paper,  on  one  plate  and  metallic  iron  in  a 
finely  divided  state  on  the  other  plate.  The  discharge  of  this 
battery  would  naturally  result  in  the  production  of  ferrous  oxide 
and  nickel  monoxide.  That  would  be  the  first  step  at  least. 
Whether  that  would  be  final  or  not  1  would  not  want  to  say. 
But  metallic  iron  would  certainly  not  reduce  the  nickel  to  the 
metallic  state  unless  the  electro-motive  force  dropped  to  some- 
thing like  two-tenths  of  a  volt,  as  the  difference  between  the 
foimation  heats  of  nickel  monoxide  and  ferrous  oxide  is  very 
little.  That  of  nickel  monoxide  is  about  sixty-one  calories  and 
that  of  ferrous  oxide  about  sixty-nine.  But  suppose  we  have 
this  battery  in  a  discharged  state.  The  nickel  hyper-oxide  is 
reduced  to  nickel  monoxide ;  metallic  iron  is  oxidized  to  ferrous 
oxide  and  we  have  the  plates  cleaned  from  impurities.  It  is  a 
well-known  fact  that  ferrous  oxide  can  be  converted  back  into 
metallic  iron  by  simply  heating  it  to  about  300^  G.  in  the 
presence  of  hydrogen,  and  it  can  also  be  done  with  carbon 
monoxide.  It  is  possible  also  to  find  other  ways  by  a  dry  or 
other  thermo-cheraioal  process  of  producing  nickel  peroxide  or 
hyper-oxide,  as  it  is  called  in  the  paper.  I  do  not  mean  to  say 
that  we  can  charge  this  particular  battery  in  this  way,  but  I  am 
speaking  now  in  general  of  this  type  ol^  battery.  With  iron  I 
toink  it  conld  very  probably  be  accomplished.  6ut  if  we  should 
succeed  in  working  out  a  thermo-chemical  process  for  reducing 
the  iron  and  re-oxidizing  the  nickel  oxide,  then  we  could  charge 
this  battery  without  the  use  of  any  dynamo  or  any  electric  cur- 
rent In  other  words,  the  battery  is  not  only  a  storage  battery, 
but  it  IS  an  instrument  for  transforming  heat  and  chemical  energy 
from  other  pources,  such  as  carbon,  carbon  monoxide,  or  hydrogen 
into  electrical  energy.  That  would  not,  of  course,  be  a  direct  pro- 
cess of  getting  electrical  energy  out  of  carbon ;  yet  it  might  be 
an  economical  process.  I  tlunk^  therefore,  that  a  cell  of  this  type 
18  interesting  from  these  three  reasons  particularly. 
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The  theoretical  capacity  of  such  a  cell  would  be  about  160  ampere 
hours  per  pound  of  active  material,  while  that  of  the  lead  cell  is 
about  44  ampere-hours.  I  do  not  Eee  any  particular  reason  in  the 
abstract  why  we  should  not  be  able  to  actually  utilize  as  hij^rh  a  per- 
centage of  the  total  active  material  in  this  cell  as  in  the  lead  cell. 
In  fact,  it  seems  to  me  that  we  might  utilize  a  higher  percentage 
from  the  very  nature  of  this  cell,  because  products  formed  by 
discharge  are  not  non-conductors  as  in  the  case  of  the  lead  cell. 
One  of  the  reasons  why  we  can  only  utilize  a  small  percentage  of 
the  material  in  the  lead  cell  is  that  the  product  of  discharge  is  a 
non-conducting  substance  which  obstructs  the  current ;  whereas 
in  this  case  the  product*  on  both  electrodes  remain  conductors, 
the  only  difference  being  that  the  oxygen  has  changed  from  one 
plate  to  the  other. 

The  President: — What  happens  when  a  very  strong  charging 
current  is  sent  through  the  cell ;  and  what  gases  are  developed 
then,  if  any?  It  would  also  be  interesting  to  know  something 
abont  the  life  of  the  cell;  whether  it  has  been  charged  or  dis- 
charged frequently  enough  to  show  what  the  effect  of  repeated 
charges  wouhl  be.  I  would  also  like  to  ask  Dr.  Kennelly 
whether  that  double  knee  in  the  discharge  curve  is  due  to  a  dif- 
ferent chemical  action  than  that  in  the  main  discharge,  or  per- 
haps to  the  fact  that  one  of  the  plates  was  discharged,  while  the 
other  was  not ;  does  he  know  whether  both  the  plates  had  gone 
through  tho  tirst  chemical  reaction  when  the  first  knee  was 
reached,  and  then  went  through  a  second  to  the  second  knee.  ( 

Db.  Kennelly  : — In  regard  to  the  first  question,  if  the  battery 
is  heavily  charged,  gas  is  given  off,  certainly  hydrogen  is  given 
off,  and  i  have  seen  that  effect  taking  place  from  the  outside  of 
the  windows. 

The  President: — Hydrogen  on  one  and  oxygen  on  the  other, 
I  suppose  ?  ^ 

Dk.  Kennelly  : — I  presume  so.  I  am  sure  of  the  hydrogen ; 
I  am  not  sure  about  the  oxygen.  In  regard  to  the  durability  of 
the  battery,  I  am  unable  to"  make  any  personal  statement.  Mr. 
Edison  has  been  working  on  the  cell  for  a  number  of  months, 
and  he  tells  me  he  has  had  experimental  cells  charging  and  dis- 
charging repeatedly  for  some  months  without  observing  any  de- 
preciation in  them.  A  cell  of  this  kind  requires  special  tools  for 
its  manufacture ;  a  press,  for  example,  which  will  bring  100  tons 
stress  upon  a  plate,  is  a  matter  of  some  difliculty  to  obtain,  and 
as  a  result  it  takes  time  to  produce  the  first  samples  of  a  plate  of 
the  kind.  The  result  of  that  has  been  that  Mr.  Edison  has  con- 
ducted his  experiments  entirely  on  some  plates  consisting  of  a 
small  number  of  these  pockets  as  distinguished  from  a  completed 
plate  of  twenty-four.  But  of  course  the  results  obtained  from 
the  small  number  of  pockets  are  capable  of  reduplication  in  the 
ordinary  way,  just  as  is  done  by  arranging  cells  in  quantit}^  in 
the  ordinary  voltaic  battery. 
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As  r^ards  the  knee  in  the  discharge  curve,  it  must  be  pro- 
duced by  a  chemical  exhaustion  of  some  sort,  either  on  the 
positive  or  on  the  negative  plate,  and  the  knee  itself  does  not 
tell  you  as  to  whether  the  exhaustion  has  occurred  upon  one  or 
upon  the  other  or  upon  both.  I  believe  that  iu  this  particular 
instance  Mr.  Edison  attributes  the  knee  to  the  exhaustion  of  the 
positive  plate,  as  distinguished  from  the  negative,  which  simply 
means  that  Vith  more  of  the  positive  acting  substance  in  that 
particular  pair  of  elements,  the  knee  would  have  been  deferred 
beyond  the  limits  of  the  diagram. 

Mr.  Chas.  J.  Reed  : — It  seems  to  me  that  it  is  a  very  reasonable 
supposition.  We  have  in  this  case  iron  which  in  oxiaizing  to  the 
ferrous  state  would  probably  give  up  most  of  the  energy  of  the 
cell,  and  we  know  that  ferrous  oxide  is  easily  converted  and 
spontaneously  goes  over  into  ferric  oxide.  The  change  from  fer- 
rous to  ferric  oxide  would  not  evolve  as  much  energy  as  the 
change  from  iron  to  ferrous  oxide,  so  that  we  would  get  a  much 
lower  electro-motive  force  when  the  current  is  developed  by  the 
conversion  of  the  ferrous  oxide  into  the  ferric  than  we  would  be- 
fore.  In  the  cell  which  I  have  mentioned,  my  own  conclusion  was 
that  one  of  those  bends  or  angles  in  the  curve  was  produced  by 
the  exhaustion  of  material  on  one  plate^apd  the  other  by  exhaus- 
tion of  material  on  the  other  plate.  The  materials  of  each  ^!ate 
in  that  case  seemed  to  undergo  two  successive  chemical  reactions. 

Mb.  H.  E.  Heath  :=I  would  like  to  ask  Dr.  Kennelly  if,  from 
his  paper,  we  should  not  understand  that  the  chemical  or  electro- 
lytic action  is  confined  entirely  to  the  active  material ;  because  I 
notice  that  in  the  paper  it  states  that  the  covers  for  the  briquettes 
are  in  both  plates  covered  with  nickel.  Naturally,  if  there  is 
any  electrolytic  action  then  between  the  nickel  and  the  plates,  we 
should  have  it  at  least  at  the  iron  plate ;  but  the  metals  present 
are  all  of  them  in  a  pure  state  inert  in  the  solution,  and,  as  nearly 
as  I  can  understand  from  the  paper,  the  chemical  or  electrolytic 
action  is  confined  entirely  to  the  briquettes  and  the  pure  metals 
present  only  act  as  conductors. 

Dr.  Kennelly  : — The  gentleman  is  correct. 

Mr.  Stetnmetz  : — I  beheve  we  will  all  agree  that  this  has  been 
one  of  the  most  interesting  papers  which  has  been  presented  here 
for  a  very  lonff  time,  and  also  that  all  will  agree  with  me  when  I 
move  a  vote  of  thanks  of  the  iNSTrruTB,  particularly  to  Mr.  Edison 
for  his  kindness  in  pennitting  the  development  of  his  work  to  be 
publicly  described  before  our  iNSTiruTE ;  and  also  a  vote  of  thanks 
to  Dr.  Kennelly  for  having  taken  the  pains  and  the  great  interest 
in  our  Institute  to  prepare  this  paper  and  arrange  for  its  pre- 
sentation.   [Carried  unanimously.] 

Dr.  Kennelly  : — So  far  as  Mr.  Edison  is  concerned  I  am  sure 
he  will  be  very  gratified  to  hear  of  your  motion.  I  can  only  say 
that  I  am  more  than  gratified. 
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Thb  Pb88U>£NT  : — As  there  seems  to  be  no  further  discussion, 
I  would  like,  with  your  permission,  to  say  a  few  words  before 
leaving  the  Chair  to  my  successor. 

Neither  our  old  nor  our  new  Constitution  gives  your  retiring 
President  an  occasion  to  address  you,  and  as  it  is  now  somewhat 
late  in  the  evening,  I  will  not  take  up  your  time  to  do  so,  but  I 
would  like  to  take  the  present  opportunity  to  thank  you  once 
more  for  having  honored  me  with  the  presidency  during  the  past 
year,  espeeialiy  as  that  year  was  a  somewhat  important  one  for 
the  Institute,  owing  to  the  holding  of  our  tirst  meeting  in  a 
foreign  country.  I  also  wish  to  thank  you  all,  especially  my  col- 
leagues in  office,  for  the  many  kind  courtesies  that  have  been 
extended  to  me  while  in  office.  It  gives  me  great  pleasure  to 
say  that  the  work  of  the  Council  during  the  year^has  bees  carried 
on  with  complete  harmony  in  every  detail.  I  would  like  also  to 
express  to  you  my  great  appreciation  and  admiration  of  the  ex- 
cellent and  creditable  work  done  by  our  committees,  many  of  the 
members  of  which  have  worked  most  ouergctieally  and  unsel- 
fishly in  the  interests  of  the  Institute  and  in  uianv  cases  at 
considerable  personal  sacriiice.  That  the  committees  have  been 
successful  in  most  if  not  all  their  work,  you  will  no  doubt  agree 
with  me.  Their  work  was  rendered  all  the  more  difficult  as  there 
were  a  number  of  new  features  in  the  aflfairs  of  the  Institute 
during  the  past  year,  among  which  may  be  mentioned  our  first 
meeting  abroad,  which  was  tne  beginning  of  what  promise  to  be 
very  interesting  and  profitable  international  assomations;  the 
CanversazioTie^  which  was  such  a  complete  success  and  has  given 
the  Institute  considerable  prominence ;  the  preparing  of  the  new 
and  much  needed  Constitution ;  the  successful  revival  of  the 
annual  dinner,  which  promotes  the  very  desirable  social  inter- 
course between  the  members;  our  assistance  in  securing  the 
passage  by  Congress  of  the  much  needed  National  Bureau  of 
Standards ;  and  last,  but  by  no  means  least,  the  nmnificent  gift  by 
Dr.  Wheeler,  of  the  very  valuable  Clark  library,  accompanied  by 
the  generous  gift  of  Mr.  Carnegie  of  equal  money  value.  The 
good  example  set  by  Dr.  Wheeler  promises  to  be  followed  by 
donations  from  other  members  and  will  hasten  very  materially 
the  realization  of  our  long  felt  want  of  a  building  and  home  for 
our  Institute.  All  these  things  have  been  accomplished  by  the 
faithful  and  energetic  work  of  our  committees,  and  by  my  col- 
leagues in  office,  and  I  take  great  pleasure  in  expressing  to  you 
my  appreciation  of  their  work. 

The  report  of  the  tellers  is  now  in  order. 
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TELLERS'  REPORT. 

Nbw  Tobk,  May  Slut,  1901. 
To  the  President  and  Members  of  the  Amebican  Institute  of  Elxctbical 

Ekoixsebs. 
Gentlemen : — 

The  following  is  the  result  of  the  counting  of  the  ballots  for  the  election  of 
ofTicers: 

Total  ballots  received 485 

Discarded  as  follows: 

Ballots  bearing  no  name 23 

Defective  ballots 28 

Ballot  of  resigned  member 1  47 


Total  ballots  counted. 


Charles  P.  Steinmetz 895 

L.  B.  Stillwell 26 

M.  I.  Pupln 12 

C.S.Bradley 1 


FOR  PRESIDENT. 


T.  A.  Edison.. 
C.  0.  Mailloux. 
Chas.  F.  Soott. 
Wm.  Stonley.. 


FOR  VICE-PRESIDENTS. 


Samuel  Sheldon 417 

George  F.  Sever 409 

M.  L  Pupin 402 

C.  O.  Mailloux H 

C.  P.  Steinmetz 8 

B.  J.  Arnold 6 

C.  S.Bradley 3 

Louis  Bell 2 

C.  F.  Braokett 2 

J.J.  Carty 2 

D.  C.  Jackson 2 

Herbert  Lloyd 1 

C.  R.  Cross 1 

Louis  Duncan 1 

I.  H.  Parnhara 1 

G.  H.  Guy 1 

FOR  MANAGERS, 


Carl  Bering 

C.  T.  Hutchinson. 

J.  P.  Jackson 

A.  E.  Kennelly... 

Philip  Lange 

George  P.  Low  .   . 

R.  T.  Lozier 

Wm.  Maver,  Jr. . . 
F.  A.  Pattison.... 
F.  A.  C.  Perrine. 
W.  L.  Robb  ..  .. 
L  B.  Stillwell.... 
W.D.  Weaver.... 

S.  S.  Wheeler 

J.  G.  White 


F.  0.  Blackwell. . . , 

J.  B.  Blood 

H.  W.  Buck 

W.  C.  Burton 

J.  B.  Cahoon 

H.  S.  Carhart 

H.  C.  Gushing,  Jr. 

F.  B.  Crocker 

W.  C.  L.  Eglin..., 

R.  T.  Lozier 

M.  Oudin 

W.L.  Puffer 

F.'  B.  Rae 

F.  S.  Smith 

L.B.  Stillwell.... 


488 


Chas.  F.  Scott 427 

J.  W.  L.ieb.  Jr 425 

Samuel  Reber 412 

W.  B.  Goldsborough 396 

A.  L.  Rohrer 5 

Bskil   Berg 4 

W.  J.  Hammer 2 

C.  D.  Haskins 2 

D.  C.  Jackson 2 

H.  A.  Lardner 2 

T.  C.  Martin  .   2 

Townsend  Wolcott 2 

A.  H.  Armstrong 1 

B.J.  Arnold 1 

F.  Bedell 1 

Louis  Bell 1 

FOR  TREASURER. 

G.  A.  Hamilton 488 

FOR  SECRETARY. 

Ralph  W.  Pope 438      |      W.  J.  Hammer 1 

Respectfully  submitted, 

Edward  Caldwell, 
Ralph  W,  Pope.  (Acting) 

Tellers. 
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The  President: — You  have  heard  the  report  of  the  tellers  of 
the  election.  If  no  motion  to  the  contrary  is  made,  the  report 
will  be  accepted  and  filed.  I  hereby  declare  that  the  following 
officers  have  been  duly  elected  for  the  ensuing  year :  Chas.  P. 
Steinmetz,  President ;  Dr.  Michael  I.  Pupia,  Dr.  Samuel  Shel- 
don, Prof.  George  F.  Sever,  Vice-Presidents ;  John  W.  Lieb, 
Jr.,  Charles  F.  Scott,  Prof.  W.  E.  Goldsborough,  Col.  Samuel 
Beber,  Managers ;  George  A.  Hamilton,  Treasurer;  Ralph  W. 
Pope,  Secretary. 

Although  the  term  of  office  of  our  newly  elected  President 
does  not  begin  until  after  the  adjournment  of  the  present  meet- 
ing, I  feel  sure  that  you  will  overlook  the  transgression,  if  I  ask 
him  to  preside  at  the  closing  of  this  meeting.  If  there  are  no 
objections,  I  take  great  pleasure  in  asking  my  distinguished  suc- 
cessor and  highly  esteemed  colleague,  Mr.  Chas.  P.  Steinmetz,  to 
take  the  Chair.     [Applause.] 

Mr.  Steinmetz: — Gentlemen,  I  feel  highly  gratified  by  the 
great  honor  you  have  conferred  on  me  in  electing  me  your  Presi- 
dent, and  I  assure  you  I  shall  endeavor  to  do  all  that  is  in  my 
power  to  come  up  to  the  high  standard  in  my  presidency  which 
has  been  set  by  the  President  of  our  Institute  preceding  me,  and 
I  shall  do  all  that  I  can  to  satisfy  you  and  to  sustain  the  standard 
of  the  Institute  and  increase  its  importance  so  far  as  I  shall  be 
able  to  during  the  year  to  come. 

I  believe  the  business  before  the  house  to-night  is  completed 
in  an  extremely  satisfactory  manner,  if  you  consider  that  we  have 
at  last  succeeded  in  adopting  the  new  Constitution.  I  should 
think,  the  time  being  late,  that  a  vote  to  adjourn  would  now  be 
in  order.     The  next  meeting  will  be  our  annual  convention. 

[Adjourned.] 
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THE  AMERICAN  INSTITUTE  OP  ELECTRICAL  ENGINEERS 

has   the   honor    to    transmit    with 

FRATERNAL  GREETINGS 

to 

THE  INSTITUTION  OP  ELECTRICAL  ENGINEERS 

of  Great  Britain 

the  following  resolutions: 

WhereoB,  Thb  American  Institute  of  Electrical  Engineers,  during  the 
▼isit  of  its  members  to  London  and  Paris  in  connection  with  the  International 
Electrical  Congress  of  1000,  and  also  in  connection  with  the  joint  meeting  im- 
mediately preceding  the  same  of  the  British  Institution  and  American  Institute 
OP  Electrical  Engineers  held  in  Paris  on  the  16th  day  of  August,  1900,  was 
the  recipient  of  many  courtesies  and  much  hospitality  from  the  British  Institu- 
tion of  Electrical  Engineers; 

Bewlwd,  That  The  American  Institute  op  Electrical  Engineers  here- 
with respectfully  tenders  to  The  Institution  of  Electrical  Engineers  of  Great 
Britain  its  sincere  thanks  for  the  many  courtesies  extended  to  its  members  in 
connection  with  the  above-mentioned  visit  to  London  and  with  the  joint  meeting 
of  the  two  Institutions  in  Paris,  both  of  which  have  left  many  pleasureable 
recollections; 

Revolted,  That  a  copy  of  these  resolutions  be  forwarded  to  the  Institution  of 
Electrical  Engineers  in  London,  and  that  a  copy  of  the  same  be  published  in  the 
Transactions  op  The  American  Institute  of  Electrical  Engineers. 

The  above  resolutions  were  unanimously  adopted  at  a  meeting  of  the  Council 
OF  The  American  InstitCtb  of  Electrical  Engineers,  held  in  New  York 
City,  U.S  A.,  March  2.?d.  1901. 

(Signed)    Carl  Hering,  PresiderU, 
[seal.]  (Signed)    Ralph  W.  Pope,  Secretary. 


INSTITUTION  OP  ELECTRICAL  ENGINEERS. 

Pounded  1871— Incorporated  1883. 

Victoria  Mansions, 

28  Victoria  Street. 

London,  S.  W.,  28th  May,  1901. 
Ralph  W.  Pope,  Esq.,  Secretary 

American  Institute  of  Electrical  Engineers. 

26  Cortlandt  Street.  New  York  City,  U.  S.  A. 
Dear  Mr.  Pope: 

The  Council  has  received  with  very  gieat  satisfaction  the  handsome  and 
generously-expressed  illuminated  address  that  your  Institute  has  been  so  good 
as  to  send  to  this  Institution.    They  desire  us  to  convey  to  your  Institute  their 
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cordinl  thanks  for  the  address,  and  to  assure  your  membership  that  it  gave  the 
members  of  this  Institution  real  pleasure  to  welcome  their  American  colleagues 
in  London  and  to  join  with  them  in  the  Paris  meeting  last  year. 

The  address  is  to  be  presented  at  the  Annual  General  Meeting  on  Thursday 
next,  and  will  be  shown  at  our  Conversazione  in  June.  To  all  who  took  part  in 
our  gathering  last  August  it  will  awaken  pleasant  memories  of  much  good- 
fellowship,  and  will  encourage  the  hope  that  the  bond  of  international  sympathy 
may  grow  firmer  as  years  pass  by. 

We  are.  Dear  Mr.  Pope,  Yours  very  truly,  -^ 

•     (Signed)    John  Perkt.  President. 
(Signed)    Walter  B.  McMillan,  Secretary, 
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18th  Annual  Convention. 
New  Yoek  and  Buffalo,  August  14-24,  1901. 

New  York,  Aug.  14,  1901. 
The  invitations  extended  to  European  electrical  engineers  to 
attend  the  18th  Annual  Convention  of  the  Institute  at  Buffalo, 
beginning  August  20th,  were  responded  to  in  person  by  the  fol- 
lowing gentlemen  :  Prof.  Paul  Janet,  Director  of  the  Laboratoire 
Central  and  of  L'Ecole  Superieur  de  PElectricit^,  official  dele- 

fate  of  the  Soci^te  Internationale  des  Electriciens ;  M.  Ch.  David 
•aris  ;  M.  J.  Courbier,  Laboratoire  Central  de  PElectrieite ;  M. 
Boy  de  la  Tour,  Chief  Engineer  of  Societe  Fives-Lille;  M. 
Devauve,  standards  department  Maison  Breguet,  Paris ;  M. 
Marcel  Aubert,  Ingenieur,  Licencie  es  Sciences ;  M.  Maurice 
Aubert,  Ingenieur,  Licencie  es  Sciences ;  M.  Roux,  Ingenieur 
Civil.  All  of  the  above  gentlemen  are  members  of  the  8oci6t6 
Internationale  des  Electriciens.  Herr.  F.  W.  Ch.  Janisch,  Chief 
Engineer  Siemens  &  Halske  Company,  Berlin  ;  Prof.  Gustave 
Gillon,  Universitv  de  Louvain,  Belgium ;  Mr.  .D.  McNaught, 
Silvertown,  England;  Mr.  Norman  C.  Sawers,  Silvertown, 
England;  Mr.  Arthur  H.  Potts,  London,  England;  Mr.  G.  H. 
Cottam,  London ;  Mr.  John  Denham,  Capetown ;  Mr.  A.  T. 
Cooper,  Reading,  England ;  Mr.  R.  L.  Gamlin,  Kent,  Eng- 
land. 

As  announced  in  the  program,  a  formal  welcome  was  extended 
to  the  foreign  guests  of  the  Institute  at  the  House  of  the 
American  Society  of  Mechanical  Engineers,  12  West  31st 
Street,  New  York  City,  on  August  14th,  1901.  President  Stein- 
metz,  in  calling  the  meeting  to  order,  expressed  his  great  pleasure 
in  meeting  the  European  engineers  who  had  accepted  the  invita- 
tion to  visit  the  country,  and  attend  the  Annual  Convention. 
He  invited  Chairman  Mailloux  of  the  Council  Committee  to  out- 
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line  the  features  of  the  exeurBions  and  technical  visits  which  had 
been  arranged  for.  Upon  the  conclusion  of  Mr.  Mailloux's  re- 
marks, M.  Janet,  in  behalf  of  the  French  delegation,  warmly 
expressed  in  his  native  tongue,  the  pleasure  experienced  by  his 
associates  and  himself  in  being  able  to  participate  in  the  proceed- 
ings of  the  Institute.  The  members  and  guests  having  regis- 
tered, luncheon  was  announced,  which  terminated  the  proceed- 
ings for  the  day. 

On  Thursday,  August  15th,  by  invitation  of  the  Crocker- 
Wheeler  Company,  the  works  at  Ampere  were  visited, 
transportation  by  special  cars  being  provided  by  that  company. 
The  guests  were  welcomed  upon  arrival  by  President  Wheeler 
and  Mr.  Dunn.  The  party  returned  from  Ampere  by  the  11.43  a. 
M.  train,  and  reassembled  at  the  Everett  House,  New  York  City, 
where  luncheon  was  arranged  for  by  Chairman  Mullin  of  the  I^i- 
nance  Committee.  In  the  afternoon  by  invitation  of  the  New  York 
Telephone  Company,  the  telephone  exchange  at  18th  street  and 
Irving  Place  was  visited.  In  this  vicinity  the  excavating  for  the 
Rapid  Transit  tunnel  was  also  inspected. 

The  International  Convention  Banquet  was  held  in  the  even- 
ing at  the  Hotel  Marlborough,  ninety  members  and  guests  with 
many  ladies  being  present.  Past-President  Hering  presided  in 
the  absence  of  President  Steinmetz,  while  Past-President  Martin 
officiated  as  Toastmaster.  The  toasts  were  responded  to  as 
follows :  "  The  Land  of  Ampere,"  by  M.  Janet ;  "  The  Country- 
men of  Faraday,"  by  Mr.  N.  C.  Sawers;  "The  Successors  of  Ohm^" 
bv  Prof.  W.  Uallock;  "The  Heirs  of  Volta,"  by  Mr.  Philip 
Torchio,  and  "The  Legatees  of  Franklin,"  by  Dr.  Schuyler  S. 
Wheeler. 

On  Friday,  August  16th,  the  party  reassembled  at  the  new 
Edison  power-house,  foot  of  38tn  Street  at  the  East  River. 
Under  the  direction  of  Mr.  Calvin  W.  Rice  printed  leaflets  had 
been  provided  giving  the  technical  data  of  the  different  power 
stations  which  were  to  be  visited.  Experienced  guides  were  also 
at  hand  in  order  to  give  all  possible  information  to  the  visitors. 
Through  the  courtesy  of  the  Brooklyn  Edison  Company,  the 
New  York  Edison  Company,  the  Manhattan  Railway  Company, 
and  the  Metropolitan  Street  Railway  Company,  the  special 
steamboat  "  Crystal  Stream"  had  been  chartered  to  convey  the 
party  between  the  different  power  stations  fronting  on  the  East 
Kiver,  and  after  leaving  38fch  Street,  stops  were  made  at  the 
76th  Street  power-house  of  the  Manhattan  Railway  Company, 
the  96th  Street  power-house  of  the  Metropolitan  Street  Railway 
Company,  the  Cfold  Street  station,  and  the  Bay  Kidge  station  of 
the  Brooklyn  Edison  Company.  A  bountiful  collation  was 
served  on  board  of  the  boat,  while  she  made  a  detour  around 
Blackwell's  Island  in  order  to  permit  a  more  extended  view  of 
the  approach  to  New  York  City  from  Long  Island  Sound.  For 
the  better  accommodation  of  all,  a  landing  was  made  at   the 


Digitized  by  VjOOQIC 


1901.1  EIQHTBENTE  ANNUAL  CONVENTION.  851 

Battery  upon  the  return  trip.  A  party  of  guests  under  the 
guidance  of  Chairman  Mullin  and  Past-tresident  Hering,  went 
from  Bay  Kidge  to  Manhattan  Beach  for  the  evening. 

No  special  assignments  had  been  made  for  Saturday,  August 
17th,  it  being  necessary  that  personal  preparations  should  be 
made  for  the  Buffalo  trip. 

On  August  18th,  the  steamboat  "Montauk,"  which  had  been 
chartered  by  the  Tmnsportation  Committee,  awaited  the  party 
at  the   foot  of  43d   Street,   North   River.     The   outlook   was 

floomy  as  a  brisk  rain  was  falling  at  9  a.  m.,  the 
our  fixed  for  departure.  It'  was  half-past  nine  when 
the  boat  started,  with  about  140  people  on  board.  The  rain 
soon  ceased,  and  although  the  sun  failed  to  shine,  the  air 
was  clear,  and  the  trip  up  the  Hudson  was  most  enjoyable,  the 
cuisine  as  usual  being  carefully  looked  out  for.  Upon  arrival  at 
Albany  about  eight  o'clock  p.  m.,  special  electric  cars  conveyed 
the  party  to  the  Motel  Ten  Eyck,  where  all  were  made  comfort- 
able for  the  night.  Monday  morning  at  half-past  eight  o'clock, 
the  party  boarded  the  special  train,  which  pulled  out  of  the 
Union  Station  over  the  JMew  York  Central  Kailway.  The  train 
landed  its  passengers  inside  the  yard  of  the  General  Electric 
Works  at  Schenectady,  and  every  opportunity  was  afforded  the 
visitors  for  a  thorough  examination  of  this  great  establishment. 
An  efficient  corps  of  guides  had  been  provided,  and  no  restric- 
tions were  enforced.  Carriages  had  been  provided  for  the 
entertainment  of  the  ladies,  and  while  they  were  being  driven 
about  the  city  and  vicinity,  the  gentlemen  made  a  tour  of  the 
factory.  At  noon  the  entire  party  reassembled  in  one  of  the  new 
shops,  where  a  fine  luncheon  was  served,  presided  over  by  Vice- 
President  Rice  of  the  General  Electric  Co.  At  one-thirty  p.  m. 
the  party  again  boarded  the  train,  which  was  in  waiting,  and  a 
quicK  run  w,as  made  to  Buffalo,  that  city  being  reached  about 
eight  p.  M.  Most  of  the  party  went  to  the  Nias:ara  Hotel,  which 
had  been  selected  as  the  headquarters  during  the  Convention. 
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AMEEICAN  INSTITUTE  OF  ELECTEIOAL 
ENGINEERS. 

'    Eighteenth  Annual  Convention. 
Buffalo,  N.  Y.,  August  20,  21,  22,  23,  24,  1901. 

Tuesday,  August  20. 

President  Charles  P.  Steininetz  called  the  Convention  to 
order  at  11  a.m.,  in  the  Assembly  Room  of  the  New  York  State 
Building,  at  the  Exposition  grounds. 

Pkesident  Steinmetz: — As  President  of  the  American 
Institute  of  Eleotmcal  Engineers,  I  herewith  open  the 
second  session  of  the  Annual  Convention.  Accepting  tlie  very 
kind  invitation  extended  to  us,  we  have  assembled  here  at  the 
New  York  State  Building,  on  the  grounds  of  the  Pan-American 
Exposition,  to  carry  on  our  work,  consisting  in  the  reading  and 
discussion  of  papers,  in  scientific  and  social  conversation,  and  in- 
cidentally to  take  part  in  some  entertainment. 

Before  proceeding  with  any  regular  progmm  I  will  call  for  a 
few  words  from  Prof.  George  F.  Sever,  who  has  been  so  inti- 
mately connected  with  the  success  of  the  Pan-American  Exposi- 
tion and  its  electrical  features,  which,  as  we  all  know,  are  the 
most  prominent  and  the  most  important  at  the  Exposition. 

Prof.  George  F.  Sever:— Mr.  President  and  members  of 
The  American  Institute  of  Electrical  Engineers  and  their 
distinguished  guests,  I  bid  you  a  hearty  welcome  to  the  Pan- 
Amencan  Exposition.  It  is  certainly  very  gratifying  to  see  this 
distinguished  body  of  electrical  engineers  present  at  this  magnifi- 
cent Exposition,  and  I  can  only  say:  Here  it  is.  Take  it. 
Investigate  it.  Most  of  it,  of  course,  is  nailed  down,  but  the 
illumination  you  can  carry  away  in  your  minds  and  forever  call 
your  own.  The  buildings  devoted  to  the  exhibits  are  by  no 
means  as  large  as  were  those  at  Chicago  and  at  various  other 
expositions,  but  we  feel  that  they  contain  articles  of  great  merit, 
ana  illustrating  the  very  latest  advances  in  all  lines  of  art,  industry 
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and  science.  Those  of  you  who  have  seen  the  illnmination  of  the 
buildings  and  grounds  and  the  other  details,  certainly  can  ap- 
preciate the  magnificent  work  that  has  been  done  by  the  engi- 
neers connected  with  the  Exposition. 

I  hope  you  will  make  frjee  use  of  the  engineers  of  the  Exposi- 
tion so  far  as  they  can  be  of  service  to  you  in. the  giving  of 
information.  We  are  perfectly  ready  and  willing  to  do  what  we 
can.  The  electrical  exhibitors  in  the  Electricity  Building  have 
placed  their  services  at  your  disposal  in  order  to  guide  vou  about 
the  grounds  and  to  show  you  details  which  you  might  find  it  dif- 
ficult to  learn  about.  The  oflSce  of  the  Superintendent  of  the 
Electrical  Exhibits  you  can  count  upon  as  your  headquarters  in 
case  you  desire  any  knowledge  or  information  pertaining  to  the 
Exposition. 

1  appreciate  the  opportunity  of  appearing  before  you  and  wel- 
coming you  to  this  magnificent  Exposition,  and  I  trust  that  your 
stay  here  will  be  most  pleasant  and  fully  up  to  the  expectations 
which  you  have  had  in  mind. 

President  Steinmetz  : — I  believe  I  voice  your  sentiments  in 
thanking  Prof.  Sever  heartily  for  the  kind  welcome  he  has 
extended  to  us,  and  I  have  not  the  least  doubt  but  that  his  hopes 
will  be  realized ;  that  we  shall  feel  very  gratified  and  verv  satis- 
fied with  all  that  we  see  here,  and  not  only  that,  but  tnat  we 
shall  carry  away  with  us  pleasant  recollections  and  the  benefit 
of  a  decided  advance  in  our  intellectual  and  scientific  develop- 
ment. 

The  Secretary  made  some  announcements,  and  the  Convention 
then  adjourned  to  August  2l8t. 
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SYNCHRONISM  AND  FREQUENCY  INDICATION. 


BY    PAUL   M.  LINCOLN. 


1. — Synchronism  Indicator. 

It  has  long  been  recognized  that  the  operation  of  paralleling 
alternators  makes  desirable  the  nse  of  some  more  sens! tire 
method  than  the  nsnal  synchronizing  lamps  so  extensively  em- 
ployed in  the  past, and  which  are  today  most  generally  used  for 
indicating  synchronism.  The  obvions  lack  of  sensitiveness  on 
the  part  of  lamps,  when  nsed  for  synchronizing,  has  led  in  many 
cases  to  the  snbstitation  of  voltmeters,  with  a  coiasiderable  im- 
provement  in  the  accuracy  of  the  indications.  There  is  still, 
however,  much  to  be  desired  on  the  score  of  sensitiveness  in  in- 
dicating the  point  of  synchronism,  and  this  point  is  one  which 
is  becoming  more  and  more  important  as  the  size  of  alternators 
become  larger  and  their  regulation  stiffer. 

The  synchronism  indicator  described  in  the  following  pages 
is  new,  so  far  as  the  writer  is  aware,  and  he  trusts  that  its 
analysis  may  be  of  interest  to  the  members  of  the  Institute. 

Suppose  a  stationary  coil  f  has  suspended  Vithin  it  a  coil  a, 
free  to  move  about  an  axis  in  the  planes  of  both  coils  and  includ- 
ing a  diameter  of  each.  If  an  alternating  current  be  passed 
through  both  coils,  a  will  take  up  a  position  with  its  plane  par- 
allel to  F.  If  now  the  currents  in  a  and  f  be  reversed  with  re- 
spect to  each  other,  coil  a  will  take  up  a  position  180°  from  its 
former  position.  Reversal  of  the  relative  directions  of  currents 
in  A  and  f  is  equivalent  to  changing  their  phase  relations  by  180°^ 
and  therefore  this  change  of  180°  in  phase  relations  is  followed 
by  a  corresponding  change  of  180?  in  their  mechanical  relations. 
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Suppose  now  that  ioBtead  of  reTersing  the  relative  direction  of 
currents  in  a  and  f,  the  change  in  phase  relations  between  them 
be  made  gradually  and  without  disturbing  the  current  strength 
in  either  coil.  It  is  evident  that  when  the  phase  difference  be- 
tween A  and  F  reaches  90°  the  force  between  a  and  f  will  be- 
come reduced  to  zero  and  a  movable  system,  of  which  a  may  be 
made  a  part,  is  in  condition  to  take  up  any  position  demanded  by 
'  any  other  force.  Let  a  second  member  of  this  movable  system 
consist  of  coil  b,  which  may  be  fastened  rigidly  to  coil  a,  with  its 
plane  90°  from  that  of  coil  a,  and  the  axis  of  a  passing  through 
a  diameter  of  b.  Further  suppose  a  current  to  circulate  through 
B.  whose  difference  in  phase  relative  to  that  in  a,  is  always  90®. 
It  ie  evident  under  these  conditions  that  when  the  difference  in 
phase  between  a  and  f  is  90°,  the  movable  system  will  take  up  a 
position  such  that  b  is  parallel  to  f,  because  the  force  between  a 
and  F  is  zero,  and  the  force  between  b  and  f  is  a  maximum ; 
similarly  when  the  difference  in  phase  between  b  and  f  is  90°,  a 
will  be  parallel  to  f.  That  is,  beginning  with  a  phase  difference 
between  a  and  f  of  0,  a  phase  change  of  90°  will  be  fol- 
lowed by  a  mechanical  change  in  the  movable  system  of  90°, 
and  each  successive  change  of  90^  in  phase  will  be  followed 
by  a  corresponding  mechanical  change  of  90°.  To  inves- 
tigate the  mechanical  relations  corresponding  to  intermediate 
phase  relations,  suppose  the  phase  difference  between  a  and  f  to 
be  0.  The  force  between  a  and  f  will  then  be  a  maximum,  and 
that  between  b  and  f,  0.  Now  suppose  a  small  change  in  phase 
between  a  and  f  to  take  place.  The  force  between  a  and  f  be- 
comes slightly  less  than  the  maximum,  and  that  between  b  and  f 
becomes  other  than  0.  The  movable  system  will  take  up  the  posi- 
tion of  equilibrium  between  forces  on  a  and  b,  which  will  be 
somewhere  intermediate  between  a  parallel  to  f,  and  b  parallel 
to  F.  It  is  further  evident  that  the  direction  of  motion  of  the 
movable  system  depends  upon  the  sign  of  the  differential  change, 
BO  that  such  a  device  is  not  only  responsive  to  a  change  of  phase 
between  a  and  f,  but  is  also  responsive  to  the  direction  of  that 
change. 

It  may  be  interesting  to  note  that  quadrature  between  a  and  b 
is  not  absolutely  necessary  either  in  the  mechanical  angle  between 
A  and  b,  or  in  the  phase  angle  between  their  currents.  So  long  as 
there  is  a  displacement  between  a  and  b,  both  mechanical  and 
electrical,  the  device  is  responsive  to  phase  changes  between  a 
and  f. 
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The  above  is  a  brief  description  of  the  priociples  upon  which 
rests  this  new  synchronism  indicator.  Connect  coil  f  to  a  set  of 
bas  bars,  and  coils  a  and  b  to  a  dynamo  that  is  to  be  paralleled  to 
those  bus  bars  and  in  the  motion  of  movable  coils,  there  is  a 
constant  index  of  the  phase  condition  of  the  dynamo  with  re- 
spect to  the  bus  bars.  Fig.  1  shows  a  photograph  of  a  syn- 
chronism indicator  built  on  the  above  principles  and  installed  in 
the  power-house  of  the  Niagara  Falls  Power  Company,  where  it 
has  been  in  successful  operation  for  some  time.  This  instrument 
is  mounted  on  a  swivel  so  that  it  can  be  made  to  face  any  one  of 
the  dynamos  to  be  synchronized  by  its  use.  This  mounting  makes 


Pig  1. 


it  possible  for  the  attendant  handling  the  paralleling  switch, 
as  well  as  the  one  who  controls  the  speed  of  the  dynamo,  to 
see  the  instrument,  and  be  fully  informed  as  to  the  condition 
of  the  dynamo  with  respect  to  synchronism. 

In  the  construction  of  the  device  shown  in  Fig.  1,  a 
laminated  iron  magnetic  circuit  is  used  and  the  phase  differ- 
ence b-tween  a  and  b  is  secured  by  using  a  non-inductive  re- 
sistance in  series  with  one  coil,  and  an  inductance  in  series 
with  the  other.  It  is  of  course  impossible  to  secure  90^  phase 
difference  in  this  manner,  but  sufficient  difference  can  be  ob- 
tained to  answer  all  practical  purposes.     Current  is  introduced 
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into  the  armature  throQirh  three  slip  rings,  one  of  the  rings 
being  made  to  do  duty  for  one  end  of  both  armature  wind- 
ings. 

The  ideal  synchronizing  device  should  perform  three  func- 
tions. 

1.  It  should  tell  the  amount  of  difference  in  frequency. 

2.  It  should  tell  whether  the  machine  being  synchronized  is  run- 
ning too  fast  or  too  slow. 

3.  It  should  tell  the  exact  point  of  synchronism. 

Comparing  the  above  described  device  with  devices  now  ord- 
inarily in  use  for  the  purpose  of  synchronizing,  in  regard  to  these 
criteria,  we  find  : 

1.  In  regard  to  the  first  point,  no  difference  obtains. 

2.  In  regard  to  the  second  point,  the  new  device  gives  com- 
plete information,  while  ordinary  devices  give  none. 

3.  In  regard  to  the  third  and  most  vital  point,  usual  device* 
give  only  partial  information,  while  that  given  by  the  new  de- 
vice is  complete  not  only  at  the  point  of  synchronism,  but  at 
every  other  point  in  the  cycle. 

The  experience  of  the  Niagara  Falls  Power  Company  with  this 
new  synchronizer  has  been  most  gratifying.  The  average  time 
"^required  to  synchronize  a  dynamo  has  been  divided  by  at  least 
two,  and  the  incipient  welding  of  switch  contacts  which  occa- 
sionally occurred  with  the  old  method  of  synchronizing,  due  to 
dynamos  going  in  slightly  out  of  step,  has  been  entirely  obviated. 
The  switchboard  attendant  seems  to  feel,  when  synchronizing  a 
dynamo,  a  degree  of  confidence  which  was  impossible  under  for- 
mer conditions. 

It  may  be  of  interest  to  derive  an  expression  giving  at  all 
points  in  the  cycle  the  exact  relations  between  mechanical  and 
phase  angles  in  such  a  device  as  is  above  described.  It  will  also 
be  of  interest  to  determine  the  behavior  of  the  device  when  the 
electrical  and  mechanical  angles  between  a  and  b  are  other  than 
90®  and  other  conditions  to  be  mentioned  later. 

In  Fig.  2  let  F  F  be  the  plane  of  the  field,  o  a  the  plane  of 
armature  coil,  a  and  o  b  the  plane  of  armature  coil  b.  In  the 
discussion  hereafter  d  will  always  represent  the  mechanical  angle 
between  f  f  and  o  a  and  (p  will  always  represent  the  electrical 
angle  between  their  currents. 

We  shall  assume 

I.  That  the  electrical  angle  between  the  currents  in  o  a  and 
o  B  is  90°. 
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II.  That  the  mechanical  angle  betwcien  windings  of  a  and  r 
iB  90°. 

III.  That  the  ampere  turns  in  a  and  b  are  equal. 

lY.  That  the  current  in  armature  element  a  is  in  phase  with 

its  B.M.F. 

V.  That  the  £.m.f.  produced  in  the  armature  windings  by  the 
field  and  vice  versa  is  neglible. 

VI.  That  the  e.m.f.  wave  produced   by  the  rotation  of  the 
armature  in  the  field  is  a  sine  wave. 

YII.  That  the  waves  impressed  upon   the  device  are  sine 
waves. 
With  these  assumptions  we  have  force  on  a  as, 


(1)  If\  =  K  sin  d  cos  ^j    and  the  force  on  B  is 

(2)  F^  =  Kbiu  {d  +  90^)  cos  {<p  ±  90^),     whence 

(3)  Ft  =  ±  Koo&d  sin  (p. 

For  equilibrium  Fi  -{-  F^  ^=  0,     whence 

(4)  sin  ^  cos  f  =  ±  cos  d  sin  <p 
(6)  tan  d  =  ±  tan  <p 

(6)  0  =  ±  <por  ±{(p+  180») 

The  double  signs  indicate  that  the  direction  of  rotation  of  d 
with  respect  to  <p  depends  upon  the  sine  of  the  angle  between  the 
two  armature  currents.  The  two  values  180^  apart  indicate  two 
points  of  equilibrium  in  the  cycle.  One  of  these  is  evidently  a 
point  of  unstable  equilibrium. 

If  now  the  electrical  angle  between  the  two  armature  wind- 
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ings  is  other  than  90^,  the  above  will  be  modifiecl  as  follows. 
Force  on  a  is : 

(7)  F^^EmiOoo^ip 
and  force  on  b  is : 

(8)  '         F^  =  KAn  (e  +  W)  cos  (^  ±  ^) 

"Where  )9  is  the  electrical  angle  between  the  currents  in  the  two 
armature  windings. 

For  equilibrium : 

(9)  tan  (?  =  ±  sin  ^  tan  f  —  cos  )9 

From  this  it  is  seen  that  when  <p  —±  90^,  d  =±  90^,  and  when 
y?  =  0°  or  180°,  ^  =  ^  —  90°  approximately,  that  is,  so  long  as 
)9  does  not  depart  largely  from  90°.  It  is  also  evident  that  the 
maximun^  difference  between  0  and  f  occurs  close  to  the  point 
<p  z=zO^  or  ISO®. 

Under  these  conditions,  therefore,  the  maximum  departure 
from  equality  between  d  and  (p  occurs  when  <p  is  nearly  zero  and 
amounts  practically  to  the  amount  the  electrical  angle  between 
the  two  armature  currents  departs  from  90  degrees. 

Differentiating  (9)  we  get : 

n  0")  ^  =  -4-  sin  i9  ???1^  =  QQfl^  ^  ^^^^  j9  ±  2  sin  g  cos  0  cos  ^  +1 
d  <f  cos^  (f  sin  /9 

Which  is  an  expression  for  the  sensitiveness  of  the  device. 
That  is,  if  the  electrical  angle  is  varying  at  a  constant  rate,  the 
above  expression  gives  the  rate  at  which  the  mechanical  angle 
varies.  An  inspection  of  tte  above  expression  shows  that  super- 
sensitive and  subsensitive  points  exist  on  diameters  at  about 
the  points  d  =  ±  45°. 

The  exact  points  of  super-  and  subsensitiveness  are 

(11)  e  =  tan-  ^^/^  ±  vT+2^ 

The  effect  of  these  super-  and  subsensitive  points  is  to  cause 
an  acceleration  and  retardation  of  the  synchronizer  indicator 
hand  at  certain  points  in  the  phase  cycle  even  when  the  phase 
change  is  taking  place  at  a  perfectly  even  rate. 
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If  desired,  however,  this  variation  due  to  departure  of  electri- 
cil  angle  from  ninety  degrees  may  be  completely  compensated 
for  by  adjusting  the  mechanical  angle  between  the  two  armature 
windings  so  that  it  is  equal  to  the  supplement  of  the  electrical 
angle  between  their  currents.     Proof  of  this  is  as  follows : 

Force  on  armature  winding  a  is 

Ii  =  jE^sin  0  co%  if 

and  force  on  armature  winding  b  is 

F^  =  JPsin  {d  +  a)  cos  {d  ±  P) 

Where  a  is  the  mechanical  angle  between  the  two  armature 
windings  and  j9  is  the  electrical  angle  between  their  currents. 
For  equilibrium 

(12)  sin  ^  cos  f  =  —  sin  {0  +  «)  cos  {<p  ±  fi) 
For  purpose  of  simplifying  take    0^  ^  d  -{•  a. 

Substituting  and  expanding  we  have 

(13)  sin  di  cos  a  cos  <p  —  cos  ^,  sin  a  cos  <p  =  —  sin  0i  cos  (p 

cos  ^  ±  sin  di  sin  <p  sin  ^ 

By  making  a  =  180°  —  j9,     this  becomes 

(14)  cos  Ox  cos  ^  =  ±  sin  di  sin  f     whence 

(15)  e  =z  ±(f  +  a±  90°) 

From  this  it  appears  that  the  difference  between  the  mechani- 
cal and  electrical  angles  is  always  a  constant  when  the  mechani- 
cal angle  between  the  two  armature  currents  is  made  equal  to 
the  supplement  of  the  electrical  angle  between  their  currents,, 
provided  the  ampere  turns  in  the  two  armature  elements  are 
equal. 

Now  to  consider  the  result  of  making  one  of  the  armature 
windings  stronger  than  the  other.  Supposing  other  conditions 
to  remain  as  per  our  assumptions  on  page  259  we  have  force  on 
winding  a  is 

(16)  Fi  =  -ffi  sin  ^  cos  ^         and  force  on  b  is- 

(17)  jPt  =  -fii  cos  0  sin  <p 
When  equilibrium  exists : 
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(18)  Ki  sin  d  QOB  (p  =  Ki  cos  d  sin  f 

(19)  tan  d  =  ~*  tan  ^ 
Whence 

a  if        K^  Kx 

From  this  it  appears  that  at  and  near  the  diameter  0^-180® 
the  device  is  superEensitive,  and  snbsensitive  at  and  near  the 
diameter  +  90^  to  —  90^,  when  E^  >  iT,. 

If  iTi  >  Jffi  the  super-  and  snbsensitive  points  are  reversed. 
It  is  further  evident  that  super-  and  snbsensitive  points  may 
be  made  to  occur  at  any  desired  point  in  the  cycle  by  a  combin- 
ation of  the  methods  above  cited. 

For  the  purpose  of  a  synchronism  indicator  it  is  usually  pre- 
ferable to  dispense  with  any  supersensitiveness  at  the  point  of 
synchronism  for  the  reason  that  supersensitiveness  at  any  point 
tends  to  give  the  indicating  hand  a  jerky  motion,  setting  up  vi- 
bration of  the  armature  across  the  point  of  equilibrium. 

II. — Frequency  Indicator. 

The  problem  of  frequency  measurement  is  one  which  has  from 
time  to  time  attracted  the  attention  of  experimenters  and  de- 
signers as  a  result  of  which  a  number  of  different  devices  have 
been  proposed  and  tried  with  more  or  less  success.  My  excuse 
for  adding  one  more  to  the  number  of  devices  proposed  for  this 
purpose  is  that  the  device  herein  described  not  only  gives  a  beau- 
tiful theoretical  solution  of  the  problem,  but  ako  bears  out  its 
promise  in  actual  practice  so  far  as  it  has  been  tried. 

It  may  seem  somewhat  peculiar  to  describe  in  a  single  paper 
two  so  dissimilar  devices  as  a  synchronism  indicator  and  a  fre- 
quency indicator.  The  reason  for  this  is  that  the  two  devices 
were  conceived  and  developed  almost  simultaneously  and  are  very 
similar  to  each  other  in  principle  and  design.  One  was,  in  fact, 
a  direct  development  of  the  other. 

The  synchronism  indicator  described  in  the  first  part  of  this 
paper  is  in  reality  a  phase  meter,  in  that  it  gives  a  continual  in- 
dication of  the  phase  relations  between  the  currents  in  its  field 
and  armature.  If  now  the  current  in  one  of  these  elements  can 
be  made  to  change  its  phase  with  reference  to  that  in  the  other, 
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due  to  a  change  in  frequency,  the  device  will  evidently  become 
a  frequency  indicator. 

This  result  can  b^  effectually  obtained  by  inserting  a  capacity 
in  series  with  the  inductance  of  the  field.  The  phase  relations 
between  the  e.  m.  f.  and  currents  in  the  armature  remain  prac- 
tically unchanged  with  varying  frequency  while  under  the  above 
condition;  that  between  the  e.  m.  p.  and  current  in  the  field,  plus 
the  added  capacity,  is  sensitive  to  frequency  change.     The  angu- 
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lar  position  assumed  by  the  armature  is  an  indication  of  the  phase 
relation  between  currents  in  field  and  armature,  and  is  therefore 
a  measure  of  frequency.  Assuming  then  that  an  angular  move- 
ment of  the  armature  always  represents  an  equal  angular  shift  of 
phase  between  currents  in  it  and  the  field,  it  is  only  necessary  to 
determine  the  phase  change  in  the  field  for  a  given  frequency' 
change  to  obtain  a  complete  calibration  of  this  frequency  indi- 
cator. 
Fig.  3  gives  for  a  number  of  different  conditions,  the  relations 
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between  frequency  and  phase  angle  in  circuits  containing  induc- 
tance, capacity  and  resistance.  These  curves  show  that  the  most 
rapid  change  of  phase  angle  for  a  given  frequency  change  occurs 
at  the  point  where  the  phase  angle  is  0. 

When  phase  angle  is  0,  resonance  exists;  that  is  the  capacity 
obms  at  that  point  are  equal  to  the  inductive  ohms.  It  will  be 
interesting  to  determine  how  great  a  frequency  change  is  indi- 
cated by  a  given  phase  angle  change  both  at  the  point  of  reson- 
ance as  well  as  at  other  points  in  the  cycle. 

The  relation  between  phase  angle  and  frequency  is  given  by 

In  which 

(p  =  phase  angle. 

L  =  inductance  in  henrys. 

C  =  capacity  in  farads. 

li  =  resistance  in  ohms. 

ft>  =  2  ;r  X  frequency  in  cycles  per  second. 

The  sensitiveness  pf  the  instrument  is  the  ratio  of  the  phase 
change  which  takes  place  for  a  small  frequency  change  and  ex- 
pression for  sensitiveness  may  be  obtained  by  diflEerentiating(2l) 

(22) 

^  =  -  cos'  e  (      ^       -\-^)=         CHjl  +  CLa,^ 
d  <u  ^  \C'  R  m''  ^  El        (1  —  6'  Z  coy  +  V  H*  w* 

Resonance  occurs  whfn 

« =  _i_ 

"'  O  L 

and  if  this  value  be  substituted  in  ("22)  it  becomes 

(23)  '^  =  -  ¥ 

it  CO  K 

This  is  the  expression  for  sensitiveness  at  the   point   of  re- 
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eonance,  at  which  point  it  reaches  a  maximnm.  The  angular 
change  in  degrees  for  a  1%  change  in  frequency  at  resonance  is 

7.2  _Z  n 
R 

in  which  n  is  frequency  in  cycles  per  second. 

The  usual  service  required  of  a  frequency  indicator  is  the 
measurement  of  the  small  variations  from  normal  frequency  or 
speed  which  take  place  under  ordinary  operating  conditions. 
For  this  purpose  the  instrument  herein  described  is  peculiarly 
well  adapted.  The  capacity  and  inductance  in  the  field  circuit, 
both  of  which  are  capable  of  accurate  measurement,  can  be  so 
chosen  that  resonance  is  produced  at  normal  frequency.  That  is, 
they  should  be  chosen  so  as  to  satisfy  the  equation 

(2  n  n^  =  V  =  -^ 

where  n^  is  the  normal  operating  frequency.  The  instrument 
will  under  these  conditions  be  used  at  a  point  where  its  sensitive- 
ness is  a  maximum. 

Sensitiveness,  however,  is  not  the  only  requisite  in  the  design 
of  a  frequency  indicator.  Its  range  is  a  matter  which  deserves 
a  share  of  attention.  Considering  (21)  it  is  evident  that  when 
0)  =  0,  f  =  +  90^,  and  when  ai  =  qo  ,  ^  =  —  90®.  All  fre- 
quencies of  positive  sign  are  therefore  included  in  this  total  range 
of  180®.  Of  this  total  range,  however,  only  in  that  portion  be- 
tween the  limits 


(24)  if  =  tan-*  ±  \/ 


Ij  (Oq  ±:  It 


is  the  sensitiveness  above  one-half  the  maximum.  The  corres- 
ponding limits  for  the  frequency  are  given  by 

(25)  «.  =  a/«,,»  ±  |T. 

That  portion  of  the  scale  between  these  two  limits  may  be  taken 
as  the  working  range.  This  working  range  occupies  approxim- 
ately 90®  of  the  scale  extending  from  approximately  plus  45®  to 
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minus  45^.     The  freqaency  incladed  between  these  two  limits  is 
approximately  expressed  by 

B 


TT   L 


As  might  be  expected  the  expressions  for  sensitiveness  and  range 
are  reciprocal  quantities ;  as  one  increases  the  other  decreases. 

So  far  we  have  been  proceeding  on  an  assumption  of  the 
use  of  a  perfect  phase  meter;  that  is,  one  whose  phase  angle 
changes  are  exactly  reproduced  by  mechanical  angle  changes 
the  same  in  amount. 

Methods  of  obtaining  super-  or  subsensitive  points  of  me- 
chanical angle,  change  with  respect  to  phase  angle  change  are 
given  in  the  first  part  of  this  paper.  These  methods  are  as 
applicable  to  this  frequency  meter  as  the  synchronism  indica- 
tor. For  instance,  suppose  it  is  desired  to  carry  sensitiveness 
at  the  point  of  resonance  to  a  point  beyond  the  possible  lim- 
its of 

2  L 
R 

This  can  evidently  be  accomplished  by  diminishing  that  arma- 
ture current  whose  phase  nearest  coincides  with  that  of  the 
field  current.  By  this  means  sensitiveness  may  be  carried  to 
any  limit  desired. 

By  certain  modifications  au  instrument  may  be  made  to  pos- 
sess the  double  advantage  of  long  range  and  extreme  sensi- 
tiveness. Adjust  an  instrument  to  extreme  sensitiveness  at  re- 
sonance by  properly  fixing  the  ratio  of  the  two  armature  ele- 
ments. Now  by  placing  in  series  with  the  field  an  adjustable 
capacity  or  an  adjustable  inductance,  or  both,  the  normal  fre- 
quency to  be  measured  may  be  brought  within  the  compara- 
tively narrow  range  of  the  instrument,  and  the  frequency  to 
which  the  instrument  is  adjusted  may  be  found  by  noting  the 
values  of  inductance  and  capacity  in  circuit.  Or  we  can  go 
a  step  further  and  omit  entirely  that  armature  element  which 
is  in  phase  with  the  impressed  e.  m.  f.  Then  by  adjusting 
the  inductance  and  capacity  in  the  field  circuit  so  that  there 
is  no  torque  exerted  on  that  armature  element  whose  current 
differs  by  ninety  degrees   from   the  e.  m.  f.  impressed   on  the 
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field,  the  frequency  of  the   impreBsed  e.  m.  f.  is  measured  di- 
rectly by 

In  applying  this  device  to  the  frequency  measurements  of  a 
power  or  lighting  circuit,  the  most  natural  method  of  obtaining 
the 'phase  difEerence  required  by  the  two  armature  elements,  is 
to  connect  a  non-inductive  resistance  in  series  with  one  of  them 
and  an  inductive  resistance  in  series  with  the  other.  Although 
it  is  impossible  by  this  method  to  reach  a  phase  diflPerence  of  90®, 
it  can  be  nearly  enough  approximated  to  answer  every  purpose. 
There  is  one  advantage  which  pertains  to  this  method  of  obtain- 
ing the  phase  difiFerence  between  the  armature  elements.  The 
current  in  the  inductive  element  is  inversely  proportional  to  fre- 
quency, and  since  sensitiveness  at  the  point  of  resonance  is  di- 
rectly proportional  to  this  ratio,  the  expression  (23)  becomes 

(26)  dj  ^  _2Z  w, 

and  the  instrument's  indication  in  degrees  for  a  one  per  cent, 
change  of  frequency  becomes 

7.2  Z  n. 


(27) 


H 


Hi  and  a/j  are  here  the  frequency  and  angular  velocity  at  which 
the  currents  in  the  two  armature  elements  are  equal.  Advan- 
tage lies  in  the  fact  that  the  expression  (27)  is  independent  of 
frequency. 

The  device  is  evidently  applicable  to  the  measurement  of  the 
speed  of  any  rotating  body  by  attaching  thereto  a  small  alternat- 
ing current  dynamo.  By  making  the  dynamo  two-phase,  the 
proper  phase  relation  for  armature  elements  of  the  meter  can  be 
easily  obtained.  One  advantage  of  using  this  style  of  meter  is 
that  its  indications  are  dependent  only  on  the  frequency  of  im- 
pulses transmitted  thereto,  and  are  independent  of  the  voltage 
applied,  so  long  as  it  is  sufficient  to  operate  the  instrument. 

It  may  be  interesting  to  enumerate  the  most  apparent  advant- 
ages of  frequency  or  speed  indicator  such  as  has  been  described. 

1.  First  its  point  of  greatest  sensitiveness  comes  at  the  point 
of  normal  speed  or  frequency  at  which  point  it  is,  as  a  rule,  most 
desired. 
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2.  The  point  of  nonnal  frequency  may  be  made  adjustable  by 
including  m  circuit  an  adjustable  capacity  or  inductance. 

3.  The  point  of  normal  frequency  may  be  predetermined  by 
electrical  measurements. 

4.  It  may  be  made  general  in  its  application  as  a  speed  indica- 
tor by  the  addition  of  a  small  a.  o.  dynamo. 

5.  It  may  be  placed  any  desired  distance  from  the  body  whose 
speed  of  rotation  it  is  desired  to  measure. 

The  condition  which  originally  led  to  the  design  of  this  appar- 
atus was  the  complaint  made  to  the  Niagara  Falls  Power  Com- 
pany by  its  distributing  agent  in  Buffalo,  The  Cataract  Power 
and  Conduit  Company,  that  there  occurred  at  times  an  undue 
fluctuation  of  speed. 

The  tachometers  at  that  time  used  by  the  Niagara  Falls  Power 
Company  were  not  sufficiently  sensitive  to  indicate  the  fluctuation 
complained  of.  A  recording  tachometer  was  obtained  and  put 
into  service.  This  recording  instrument  depended  on  centrifugal 
force  for  its  action,  but  its  sensitiveness  was  far  too  small  to  meas- 
ure the  fluctuations  we  wished  to  record.  A  conception  of  the 
instrument  described  above  occurred  to  the  writer.  An  instru- 
ment was  made  up,  a  pen  was  attached  to  its  armature  and  it  was 
set  to  recording  the  frequency  fluctuations  on  the  Buffalo  circuit 
where  it  has  been  doing  successful  duty  ever  since.  So  far  as  the 
writer  is  aware  it  is  the  first  instrument  of  its  kind  ever  made^ 
and  its  success  has  induced  the  writer  to  give  a  description  of  it 
to  the  Institute. 

A  few  sample  speed  records  as  made  by  this  instrument  may 
be  of  interest.  Figure  4  shows  a  speed  record  made  on  January 
16,  1901.  At  first  glance  the  speed  fluctuations  seem  to  be  se- 
vere, but  when  it  is  remembered  that  each  horizontal  line  repre- 
sents a  speed  change  of  only  one  half  percent,  and  that  the  speed 
curve  is  that  of  a  water-<lriven  dynamo  operating  on  a  load 
largely  conoposed  of  street  railway  service,  engineers  familiar 
with  the  difinculties  will  undoubtedly  agree  that  the  results  ob- 
tained are  above  the  average. 

The  very  considerable  improvement  exhibited  between  the 
chart  of  January  16th,  1001,  and  that  of  March  3,  1901,  [Fig.  61 
is  in  a  large  measure  due  to  the  existence  of  a  continuous  speea 
record  giving  an  opportunity  to  note  the  most  efficient  governor 
adjustments. 

Prbsident  Steinmetz  : — Gentlemen,  regarding  the  discussion 
it  has  been  decided  that  we  shall  not  have  separate  discussions  of 
each  paper,  but  first  read  all  the  papers  dealing  with  similar  sub- 
jects, and  then  have  a  discussion  of  them  jidntly.  In  pursuance 
of  this  arrangement  I  now  call  on  Mr.  Caryl  D.  Haskins  to  read 
his  paper  on  "Some  Fundamentals  of  Electric  Meters."  I  may 
add  that  one  of  the  papers  which  was  intended  for  to-morrow^ 
the  paper  on  "  Power  Factor  Indicators,"  by  Mr.  W.  H.  Browne, 
Jr.,  will  be  read  to-day,  as  dealing  with  a  subject  very  closely 
allied  to  to-day's  subject. 
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SOME  FUNDAMENTALS  OF  ELECTRIC  METERS. 


BY   CARYL   D.    HA8KIN8. 

In  preparing  tor  presentation  to  the  Institute  my  third 
paper  on  the  general  subject  of  recording  meters,  I  have  found 
it  somewhat  difficult  to  sift  out  from  the  vast  mass  of  details  a 
very  few  of  the  most  vital  considerations  in  construction  and 
operation,  which  seem  chiefly  to  merit  consideration  and  discus- 
sion at  your  hands.  It  is  the  mass  of  individually  trivial  details 
which  to-day  constitute  the  chief  field  of  study  and  investigation 
in  electric  metering. 

The  broader  and  more  basic  characteristics  of  the  art  have 
been  widely  discussed  long  since.  Like  the  whole  field  of 
electrical  engineering,  recording  meter  design  has  progressed 
rapidly.  A  very  few  years  ago  oar  attention  was  given  to  such 
general  issues  as  how  to  make  a  meter  that  would  register  on  a 
dial,  or  how  to  make  a  *  meter  that  would  not  necessitate  the 
winding  of  a  clock,  or  how  to  make  a  meter  that  would  record 
with  tolerable  accuracy  through  a  range  somewhat  better  than 
4  to  1.  To-day  the  art  has  reduced  itsv^if  to  what  might  be 
termed  "A  microscopic  study  of  trivialities"  purposed  to  gain 
such  improvenients  as  a  few  years  since  would  have  been 
regarded  as  academic;  as,  for  example,  better  behavior  on 
variations  of  wave  form,  an  increase  of  1%  or  less  in  average 
accuracy  on  loads  of  from  \%  to  5^  of  the  meter's  rating,  the 
maintenance  of  straight  line  accuracy  on  loads  having  power 
factors  substantially  unheard  of  commercially  a  few  years  ago, 
and  the  like. 
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This  last  coDsideratioD,  that  of  accuracy  on  inductive  loads,  is 
one  of  the  greatest  importance,  and  has  probably  not  received  as 
much  attention  at  the  hands  of  meter  engineers  as  it  merits.  I 
have  not  chosen  to  deal  with  it  to-day,  because  it  has  been  my 
desire  in  preparing  this  paper  to  lay  a  very  few  essentials  before 
you  in  a  thoroughly  analytical  manner. 

To  properly  deal  with  meter  accuracy  under  inductive  loads, 
a  paper  should  be  devoted  to  this  subject  alone,  and  the  subject 
would  necessarily  confine  one  to*the  consideration  of  alternating 
current  meters  only,  a  limitation  which  I  by  no  means  wish  to 
accept. 

Accuracy  on  inductive  loads  is  unquestionably  an  absolute 
essential  for  all  meters  destined  for  use  on  alternating  circuits 
carrying  any  other  loads  than  incandescent  lamps,  but  the 
elaboration  of  this  topic  before  you  to-day  belongs  more  properly 
to  my  colleagues  than  to  me. 

I  have  chosen  for  my  theme  perhaps  the  most  important  of 
the  considerations  which  are  to-day  engrossing  the  attention  of 
meter  engineers— namely,  the  relation  between  torque,  friction, 
aging  of  various  kinds  and  local  surroundings.  These  four 
factors  constitute  the  chief  governing  conditions  in  connection 
with  meter  accuracy,  on  loads  of  less  than  20^  of  the  meter's 
average  rating.  These  considerations  are,  of  course,  confined  to 
the  typical  motor  meter.  We  have,  however,  long  since  come  to 
regard  the  motor  type  of  meter  as  the  only  electrical  integrating 
device  capable  of  being  manufactured  at  a  cost  rendering  it  a 
commercial  possibility,  whilst  retaining  the  degrees  of  reliability, 
convenience  and  accuracy  demanded  by  the  American  market. 
It  may  indeed  be  fairly  said  that  the  considerations  I  have 
selected  are  the  dominant  ones  in  the  American  meter  art. 
Substantially  all  of  the  motor  meters  known  to  the  American 
market  have  a  straight  line  law  within  their  limitations,  if 
friction  be  eliminated  from  consideration. 

The  limitations  are,  1  admit,  somewhat  severe,  but  I  am 
probably  entirely  safe  in  saying  that  the  electricity  meter,  as  the 
American  purchaser  receives  it,  is  subject  to  a  straight  line  law 
on  non-inductive  loads  of  the  frequency,  wave  form  and  potential 
for  which  it  has  been  calibrated. 

Unfortunately  friction  cannot  be  eliminated,  but  its  effect  on 
accuracy  may  be  minimized  to  a  remarkable  degree. 

There  is  relatively  little  diflBculty  in  producing  a  recording 
meter  in  which  the  effect  of  friction  on  accuracy  is  negligible, 
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even  to  a  degree  which  may  defy  detection,  at  the  time  the  meter 
iasoes  from  the  laboratory.  But  friction  causes  are  manifold  and 
elasive,  and  I  doubt  if  I  overstate  the  mechanical  situation  when 
I  say  that  a  meter  having  the  least  evidence  of  friction  in  its 
initial  condition  may,  at  the  end  of  a  period  of  use,  show  more 
error  due  to  friction  and  consequent  light  load  error  than  other 
meters  which  had  much  more  initial  friction. 

This  is  the  abstract  problem  which  lies  before  the  engineer, 
and  it  has  been  met  by  numerous  alternatives,  all  more  or  less 
effective. 

Taking  the  next  step  in  the  analysis  of  the  situation,  we 
note  that  the  motor  elen^nt  of  a  recording  meter  does  two  kinds 
of  work:  First,  the  driving  of  a  dynamo  in  the  form  of  a 
foucault  current  disk,  or  the  equivalent — which  is  the  work  con- 
templated in  the  meter's  theoretic  law.  The  ratio  of  this  work 
does  not  vary,  provided  the  permanent  magnets  are  literally 
permanent,  except  under  physical  conditions  which  can  easily  be 
provided  for  and  guarded  against.  Second,  friction  work  not 
contemplated  in  the  theoretic  law,  and  therefore  tending  to 
distort  the  accuracv  curve. 

Friction  is  relatively  unobjectionable  so  long  as  it  remains  a 
constant  value,  for  as  a  constant  value  it  can  be  readily  compen- 
sated. The  meter  having  X  friction  can  scarcely  be  regarded  as 
better  than  the  meter  having  10  X  friction,  provided  these  values 
do  not  change  with  time  or  load,  a  condition  which  we  cannot 
an  fortunately  find  in  practice. 

In  seeking  the  alternative  remedies  for  this  condition  three 
courses  of  study  present  themselves  to  us :  The  minimizing  of 
friction  as  an  individual  study,  means  for  increasing  friction 
compensation  with  increase  of  friction,  and  finally,  the  radical 
increase  of  foacanlt  current  load  in  relation  to  possible  friction 
load. 

The  two  latter  alternatives  have  always  presented  themselves 
to  me  as  the  most  promising. 

The  dissipation  of  a  relatively  very  large  amount  of  energy 
in  the  foucault  current  disk  renders  wide  variations  of  friction 
substantially  negligible.  In  other  words,  if  we  can  make  the 
work  contemplated  in  the  law  of  the  meter  a  large  value,  then 
the  variations  of  work  not  contemplated  in  the  law  become 
insignificant  in  relation  to  the  whole  work.  This  means  that  we 
must  dissipate  in  the  foucault  current  disk  the  largest  possible 
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amount  of  energy  consistent  with  economy.  This  statement,, 
translated  into  pra<itical  terms,  means  permanent  magnets  of 
the  greatest  possible  strength  and  a  foucanlt  current  disk  of  the 
greatest  possible  conductivity  consistent  with  the  physical  limita- 
tions. 

The  whole  essence  of  success  in  a  motor  meter  necessarily  lies 
in  literally  permanent  magnets.  Since  it  is  vastly  easier  to  make 
a  weak  permanent  magnet  than  a  strong  one,  the  temptation  to 
get  along  without  the  dissipation  of  a  maximum  amount  of 
energy  in  the  disk  is  very  great. 

If  one  could  make  only  very  weak  damping  magnets,  and 
therefore  dissipate  in  the  foucanlt  disk  a  very  small  amount  of 
energy,  it  would  naturally  become  necessary  to  get  initial  friction 
very  low  to  secure  initial  accuracy,  and  in  doing  this  there  is 
always  grave  danger  of  sacrificing  a  permanent  minimum  of 
friction  to  a  temporary  minimum  of  friction. 

At  this  point  the  meter  engineer  must,  if  he  is  to  follow  the 
right  path,  become  a  physicist,  a  metallurgist,  and,  in  some 
measure,  a  chemist;  for  he  must  make  a  deep  and  consistent 
study  of  strong  permanent  magnets,  which  involves  a  careful 
investigation  of  the  chemical  and  physical  properties  of  steel,  and 
of  the  best  means  for  introducing  the  initial  magnetism,  and  of 
reducing  this  initial  magnetism  to  the  largest  permanent  residue 
that  the  magnet  can  be  relied  upon  to  retain.  The  shaping 
of  the  permanent  magnets  is  also  of  the  very  greatest  im- 
portance. How  important  you  probably  realize,  for  this  subject 
has  already  been  carefully  dealt  with  in  a  most  able  essay  by 
Dr.  Kennelly. 

Certain  recording  meters  use  a  copper  f oucault  disk  in  place 
of  tho  more  common  alnminiuqi  disk.  With  a  copper  disk  of  a 
given  thickness,  moving  at  a  given  speed,  more  work  can  be 
expended  in  the  generation  of  foucanlt  currents  with  a  magnet  of 
given  strength  than  with  any  other  metal  commercially  possible. 
To  substitute  an  aluminium  disk  having  the  same  peripheral 
speed  and  the  same  thickness,  means  either  to  decrease  the  total 
work  in  the  disk  or  to  increase  the  strength  of  the  permanent 
magnets.  The  latter  is  a  desirable  alternative  which  can  possibly 
be  achieved.  The  former  is  a  highly  undesirable  alternative,  for 
reasons  which  I  have  stated. 

On  the  other  hand,  to  substitute  an  aluminium  disk  of  the 
same  conductivity  and  purposed  to  rotate  at  the  same  speed  as 
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the  copper  disk,  it  is  necessary  to  increase  the  thickness  of  the 
disk.  This  means  that  the  jaws  of  the  magnets  must  be  further 
separated,  if  the  clearances  have  already  been  reduced  to  a  mini- 
mam.  This,  in  its  turn,  means  less  density  in  the  permanent 
magnets  and  less  drag  or  load. 

I  have  mentioned  these  tributary  considerations  to  show  the 
conditions  which  surround  the  work  of  the  engineer  whose  pur- 
pose is  to  design  a  meter  which  shall  expend  a  maximum  propor- 
tion of  total  work  in  the  f oucault  disk,  and  to  show  the  chief 
danger  in  this  direction  of  effort — namely,  that  of  resorting  to  a 
magnet  which  may  not  be  permanent. 

Having  achieved  a  meter  mechanism  in  which  the  work 
expended  in  rotating  the  foucault  disk  is  relatively  high,  and 
having  constructed  a  mechanism  in  which  the  changes  of  fric- 
tion are  a  minimum,  rather  than  a  mechanism  in  which  initial 
friction  is  a  minimum,  it  is  next  necessary  to  provide  means  for 
immediately  offsetting  external  conditions,  which  exert  a  modify- 
ing effect  upon  the  friction  value. 

In  the  earlier  days  of  meter  operation  it  was  regarded  as 
desirable  to  reduce  friction  periodically  to  as  nearly  its  initial 
value  as  possible  by  cleaning  and  the  like. 

It  may  be  regarded  as  an  axiom  that  friction  will  increase  with 
nse.  This  increase  may  be  large  or  small  in  relation  to  the  whole 
friction  dependent  upon  design,  and  it  may  be  large  or  small  in 
relation  to  the  total  work  of  the  meter,  dependent  largely  upon 
the  amount  of  work  expended  in  the  foucault  disk. 

All  friction,  however,  as  well  as  friction  increases,  is  tributary 
to  and  governed  by  the  conditions  surrounding  installation,  and 
the  chief  of  these  external  influences  is  vibration,  thongh  the 
literal  results  of  time,  consequent  corrosion,  etc.,  as  well  as 
changes  of  temperature,  play  thefr  part. 

The  effect  of  vibration  on  the  work  value  of  friction  is  great, 
for  perfectly  obvious  physical  reasons,  and  this  effect  of  vibration 
on  friction  becomes  more  prominent  as  the  friction  value  increases 
in  relation  to  total  work. 

It  is,  therefore,  not  sufficient  that  friction  should  be  neutralized 
by  compensation  at  an  average  point  of  calibration.  It  is  im- 
portant that  ready  means  for  variation  of  friction  compensation 
should  be  provided,  which  can  be  instantly  adjusted  to  meet  the 
actual  conditions  surrounding  the  meter  at  its  point  of  use.  Such 
means  for  local  adjustment  have  been  provided   in   numerous 
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forms,  and  are,  I  venture  to  think,  highly  necessary  to  the  ideal 
electric  meter. 

Granting  that  the  variations  of  friction  load  due  to  local 
snrroandings  can  be  accurately  and  quickly  compensated  by 
adjustment  of  the  strength  of  friction  compensation,  every 
meter  can  be  made  substantially  perfect  for  the  point  where  it  is 
actually  to  be  used,  without  in  any  way  affecting  its  total  cali- 
bration. 

It  is  well  established  that  such  friction  increases  as  occur — due 
to  use  and  surroundings — occur  relatively  early  in  the  meter's 
life,  the  whole  tendency  being  for  the  friction  load  to  reach  a 
substantially  permanent  condition  after  a  comparatively  brief 
period  of  service. 

Instead  of  restoring  the  meter  to  its  initial  condition  periodi- 
cally by  cleaning  and  the  like,  it  beconies  possible,  where  an 
adjustable  compensation  is  available,  to  recompensate  at  the 
appropriate  time  for  the  permanent  friction  load,  and  thus 
restore  the  meter  to  a  stable  condition  of  equilibrium. 

I  have  now  laid  before  you  the  considerations  which  have  led 
me  to  the  conclusion  that  the  two  essentials  meriting  the  most 
careful  study  in  meter  design  are : 

First,  the  expenditure  of  the  maximum  permissible  amount  of 
work  in  the  foucault  disk ;  and 

Second,  the  proraion  of  the  best  means  for  instantly  compen- 
sating for  friction  variation  at  the  point  of  use,  without  affecting 
total  calibration. 
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METERING  OF  ELECTRICAL  ENERGY. 


BY    HABBT   P.   DAVIS. 

The  practice  is  now  almost  universal  in  the  modern  central 
station  to  nsethe  integrating  wattmeter  for  measuring  and  record- 
ing and  from  its  reading  to  compute  the  charges  to  be  made  for 
eupplj  to  the  consumers ;  consequently,  it  follows  that  the  de- 
sign of  the  wattmeter  and  the  conditions  under  which  it  is 
operated,  should  be  such  as  to  omit  of  no  question  of  its  accuracy 
and  permanency.  These  considerations,  with  the  additional  one 
of  small  cost  of  maintenance,  are  now  very  generally  recognized 
as  essential.  As  the  meter  accuracy  thus  bears  so  intimate  a  rela- 
tion to  the  revenue  return  to  the  station,  the  meter  becomes  a 
factor  in  station  engineering  of  prime  importance,  and  as  a  re- 
sult has  received  a  vast  amount  of  study,  both  at  the  hands  of 
the  user  and  of  the  manufacturer. 

It  is  hoped  that  the  following  notes  from  the  writer's  experi- 
ence in  this  field,  although  developing  nothing  particularly  new, 
will  outline  some  of  the  more  important  features  which  should 
be  embodied  in  the  ideal  meter ;  and,  for  comparison  with  a  com- 
mercial type,  data  and  a  brief  description  will  be  given  of  a  test 
on  a  meter  with  which  the  writer  has  been  most  closely  identified, 
and  which  is  now  largely  used  in  practical  operation. 

While  there  are  many  characteristics  which  a  meter  must 
possess,  only  the  more  important  will  be  pointed  out  as  being 
essential  to  all  types  of  meters.  In  considering  specific  feature's 
of  design,  however,  it  is  the  intention  to  cover  only  the  so-called 
ntiotor  types  of  meters  now  so  generally  in  use.     Experience  has 
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demonstrated  tbat  if  a  meter  is  electrically  and  mechanically  well 
designed  with  reference  to  the  law  and  conditions  under  which 
it  is  to  operate,  and  proper  care  is  given  to  its  manufacture,  it 
will  be  accurate  and  have  the  ability  to  remain  in  calibration. 
These  features,  namely,  accuracy  and  permanency,  are  funda- 
mental, and  the  meter  which  possesses  them  to  a  proper  degree 
will  surely  possess  all  of  the  merits  which  are  usually  classed  as 
fundamentals. 

The  meter  which  is  theoretically  correct  will  be  influenced 
only  by  forces  which  are  directly  a  product  of  the  quantity  which 
it  is  to  measure.  The  revolving  element  will  respond  in  exact 
proportion  to  the  torque  exerted  upon  it  by  this  quantity  and  its 
changes  in  speed  will  in  no  way  affect  this  proprotionality.  The 
retarding  force  which  will  act  in  opposition  will  be  independent 
of  the  quantity  to  be  measured,  and  will  increase  in  proper  pro- 
portion with  the  speed  of  the  revolving  element. 

A  meter  properly  designed  to  embody  these  conditions,  will 
measure  accurately  and  be  uninfluenced  by  changes  in  voltage 
or  temperature,  and  when  used  in  alternating  current  circuits  will 
also  record  true  energy  under  all  conditions  of  inductive  or  non- 
inductive  load,  irrespective  of  variations  in  frequency  or  wave 
form.  While  seemingly  simple,  these  conditions  can  never  be 
completely  attained,  and  many  compromises  must  be  made  in  the 
development  of  the  commercial  type  of  meter ;  obviously,  how- 
ever, the  nearer  they  are  approached  the  more  accurate  will  be 
the  meter,  and  the  moi'e  extended  will  be  its  range  of  registra- 
tion. 

Commercially  the  range  of  accurate  registration  is  most  impor- 
tant ;  for  the  meter  must  account  for  all  the  conditions  and  varia- 
tions of  the  load,  without  being  delicate  and  expensive,  qualifica- 
tions requiring  accuracy  between  wide  limits,  as  it  must  start 
and  record  accurately  on  very  light  loads,  and  also  be  able  to 
operate  correctly  under  considerable  overload.  Further,  the 
meter  to  be  constant  and  unvarying  in  its  operation,  as  it  must 
be  to  be  a  practical  and  commercial  success,  the  mechanical 
make-up  must  receive  careful  consideration,  and  it  is  most  essen- 
tial to  have : 

1st.  Simplicity. 
•  2d.  Proper  design  of  the  rotating  element. 

3d.  Proper  design  of  the  enclosing  case. 

The  simple  meter  will  have  few  parts,  with  every  part  easily 
accessible,  and  so  related  to  others  that  the  meter  may  be  easily 
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taken  down  aud  put  up  without  destroying  or  disturbing  in  any 
way  the  balance  or  adjustment  of  the  separate  parts.  Compensa- 
ting devices  are  necessary  to  extend  the  range  and  to  straighten 
out  the  calibration  curve.  The  fewer  of  these  devices  used, 
the  better,  however,  and  the  amount  of  compensation  needed 
should  be  slight,  so  that  their    influence  may  be  small. 

In  the  revolving  element,  we  come  to  the  consideration  of  what 
is  by  far  the  most  important  feature,  in  mechanical  parts  of  the 
meter  as  a  whole.  The  shaft  must  be  short  and  stiff,  and  the 
entire  revolving  element  must  be  simple  and  light  in  weight ; 
this  last  consideration  is  most  essential,  affecting  as  it  does  in  a 
vital  manner  the  portability,  life  and  ability  of  the  meter  to 
remain  in  calibration.  When  made  suflSciently  light  all  possi- 
bility is  eliminated  of  injury  to  the  jewel  support,  and  the  meter 
will  respond  instantly  to  sudden  changes  or  fluctuation  of  load. 
Artificial,  complicated  and  delicate  devices  for  obviating  injury 
to  jewels  or  to  act  as  substitutes  for  them,  should  be  unnecessary 
if  careful  attention  is  given  to  these  considerations  in  the  de- 
sign and  proportions  of  the  revolving  element,  for  unless  very 
well  designed,  such  devices  are  liable  in  the  long  run  to  be 
troublesome. 

No  practicable  form  of  bearing  for  a  commercial  meter  in  the 
writer's  opinion,  will  have  less  friction  or  be  more  durable  than 
a  jewelled  step  bearing,  provided  the  weight  of  the  revolving 
element  is  not  greater  than  a  few  grammes,  with  a  speed  of 
rotation  as  slow  as  is  consistent  with  accurate  registration  on 
light  loads.  It  is  important  also  that  meters  used  in  alternating 
current  circuits  should  be  so  proportioned  that  there  will  be  no 
vibration  effects,  as  they  cause  wear  on  the  revolving  element 
and  its  bearings,  and  in  commercial  use  will  attract  the  cus- 
tomer's attention  and  cause  him  dissatisfaction,  owing  to  his 
belief  that  the  noise  evidences  operation  of  the  meter  at  times  of 
no  load. 

Another  and  most  potent  factor  having  influence  on  the  ability 
of  a  meter  to  remain  in  calibration  is  one  entirely  independent  of 
the  working  parts  of  the  meter  proper,  and  yet  requires  as  care- 
ful designing  and  proportioning  in  every  way  ;  and  that  is  the 
enclosing  case.  This  is  a  part  of  the  meter,  however,  which, 
until  recently,  has  been  sadly  neglected,  and  has  resulted  in 
being  the  cause  of  more  trouble,  in  practical  operation,  than  all 
other  causes  put  together.     A   meter  with  a  thin  sheet  metal 
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cover  cannot  be  made  tight,  and  soon  becomes  filled  with  dust 
and  dirt,  spiders,  cockroachee(,  flies,  etc.  A  meter  is  a  pre- 
cision instrument,  and  those  with  experience  know  the  eflfect  of 
a  small  amount  of  dirt  on  accuracy.  The  well  designed  case 
should  be  of  light  but  substantial  cast  material,  with  the  cover 
designed  to  make  a  tight  joint  with  the  base  portion,  and  so 
arranged  that  it  can  be  hermetically  sealed,  thereby  effectually 
enclosing  the  interior  of  the  meter.  This  requires  the  mechanism 
of  the  meter  to  be  in  a  separate  compartment  from  the  termi- 
nals, but  results  to  its  advantage,  as  it  enables  connections  to  the 
circuit  to  be  made,  without  any  possibility  of  injury  to  the 
meter.  A  meter  case  made  in  this  way  will  be  dust,  insect  and 
moisture  proof,  and  at  the  same  time  one  which  cannot  be  tam- 
pered with.  These  details,  while  purely  mechanical,  cannot  be 
too  highly  emphasized,  as  they  have  so  important  a  bearing  on 
the  permanency  of  the  calibration  curve.  These  are  also  points 
of  design  not  always  apparent  and  recognized  for  their  full 
value  on  first  examination  and  a  test  of  a  meter,  but  whose 
worth  can  only  be  established  by  the  time  test  of  actual  opera- 
tion. 

The  fact  has  been  briefly  noted  of  the  qualifications  and  the 
wide  limics  which  the  calibration  curve  of  the  meter  must  possess 
to  eqable  it  to  be  elastic  enough  to  meet  the  exacting  require- 
ments of  the  modern  central  station.  As  these  requirements 
have  been  the  keynote  in  meter  development  in  the  last  five  or 
six  years,  and  as  a  proper  appreciation  of  their  value  is  most  im- 
portant in  central  station  engineering,  the  matter  is  again  referred 
to,  and  will  be  explained  more  in  detail.  The  gradual  increase 
in  residential  lighting  to  its  present  large  proportion  of  every 
station's  load  presented  new  problems,  many  being  of  the  great- 
est commercial  importance.  Residential  lighting,  especially  in 
the  districts  far  removed  from  the  station,  involves  a  high  in- 
stallation cost,  with  a  corresponding  low  return  per  lamp  in- 
stalled. In  these  installations  the  maximum  demand  rarely 
exceeds  one-third  of  the  lamps  connected,  while  one  or  two  lamps 
may  be  burned  for  a  considerable  period.  In  central  stations 
supplying  such  loads  it  is  not  an  exaggeration  to  state  that  ten 
to  fifteen  per  cent,  of  the  24  liour  output  is  used  in  supplying 
individual  installations,  burning  only  one  or  two  lamps  for  any 
great  length  of  time,  yet  each  having  a  total  of  20  or  30  lamps 
installed.     These  are  loads  which,  when  measured  by  a  meter 
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nnsuited  to  their  character,  can  be  supplied  indefinitely,  with  but 
slight  return  to  the  station,  owing  to  the  inability  of  the  meter 
to  register  the  small  load  with  any  degree  of  accuracy.     This 
condition  was  becoming  apparent  as  early   as    1896,  and  much 
pressure  was  brought  to  bear  on  the  manufacturers  to  produce  a 
meter  suitable  to  meet  these  requirements,  namely,  a  meter  with 
an  unusually  long  range.     Most  of  the  difficulty  was  inability  to 
start,  and  inaccurate  registration  on  light  loads,  and  the  meters 
having  no  overload  capacity  it  was  necessary  to  install  one  having 
a  normal  capacity  much  greater  than  the  average  load  to  be  meas- 
ured.    A  meter  was  needed  which  would  record  accurately  at 
least  within  two  per  cent.,  whether  one  lampor  the  entire  number 
installed,  were  burning,  or,  as  previously  stated,  long  range  of  re- 
gistration in  the  meter  was  necessary.     The  fact  was  also  apparent 
from  the  natureof  the  loads  that  if  a  meter  could  be  designed  which 
could  stand  a  considerable  overload  for  short  periods,  and  register 
the  same  within  fair  accuracy,  it  would  allow  of  a  meter  heing 
installed  of  much  smaller  rated  capacity  than  that  of  the  installa- 
tion, making  it  practicable  to  use  a  meter  whose  capacity  would 
correspond  to  the  average,  instead  of  the  maximum  load  of  the 
installation.     The  use  of   a  meter   of  small  ciipacity  would  also 
have  the  advantage  of  giving  a  better  registration  for  light  loads, 
and  proper  selection  of   the  size  of  meter  to  be  installed  would 
ensure  accurate  registration  of  the  smallest  load  which  would  be 
placed  on  the  circuit.     Such  were  the  conditions  to  be  met,  and 
meter  design  in  the  last  few  yeare  has  shown  surprising  develop- 
ment in   this  direction.     In  the  central  station,  if  careful  atten- 
tion is  given  to  the  fitting  of  the  meter  to  the  load  to'be  meas- 
m*ed  with  special  reference  to  installations  of  this  nature,  where 
the  necessity  is  so  great  for  a  meter  which  will  start  and  record 
accurately  at  light  load,  and  at  the  same  time  have  ability  to  take 
care  of  an  occasional  overload,  it  is  safe  to  say  that  a  very  con- 
siderable increase  of  revenue  will  result.     This  amount  will  be 
sufficient,  in  many  instances  where  improper  meters  are  in  use, 
to  pay  in  a  very  short  time  for  the  entire  cost  of  the  new  meters 
and  their  installation,  and  to  increase  the  revenue  on  the  entire 
system  by  a  very  respectable  percentage. 

In  a  large  central  station,  whose  customers  include  many  large 
apartment  houses,  and  wher^  particular  attention  has  been  paid 
to  proper  metering  of  this  class  of  customers,  it   is  customary. 
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when  a  whole  apartment  hoTise  is  to  measure  on  one  meter  (the 
entire  installation  will  average  300  lamps,  with  about  12  lamps 
per  apartment)  to  install  a  meter  having  a  capacity  of  about 
26  per  cent,  of  the  total  number  of  lamps  wired,  and  if  each 
apartment  is  to  be  metered  separately,  a  meter  is  used  having 
60  per  cent,  of  the  lights  wired. 

It  is  readily  seen,  that  the  use  of  meters  of  such  small  rated 
capacity,  to  that  required  for  the  total  number  of  lamps  installed, 
results  in  very  accurate  return  of  the  light  loads,  which  are  usual 
for  this  class  of  installations.  To  perform  such  service,  it  re- 
quires great  overload  capability  for  the  meter  to  be  able  to  carry 
current  now  and  then  so  greatly  in  excess  of  the  normal,  without 
a  large  drop  and  heating  eflfect  in  the  series  coil.  It  is,  there- 
fore, important  that  this  coil  be  of  very  low  resistance,  thus  re- 
quiring it  to  be  small,  with  few  convolutions  of  wire.  This  will 
result  in  a  small  magnetizing  force,  and  it  is  necessary  in  order 
to  obtain  the  requisite  turning  moment  on  the  revolving  part, 
that  the  magnetic  organization  of  the  meter  be  nearly  a  closed 
iron  circuit.  It  should  be  also  noted  in  this  connection  that  a 
series  coil  so  designed  will  have  a  loss  at  full  load,  so  slight  as  to 
be  negligible,  which  is  a  valuable  feature,  as  a  large  loss  in  the 
series  coil  of  a  meter  causes  a  drop  in  voltage  which  will  affect 
the  regulation  of  the  circuit,  a  loss,  too,  which  occurs  when  the 
load  on  the  system  is  the  greatest.  The  use  of  a  closed  magnetic 
circuit  has  another  important  and  useful  bearing  on  the  accuracy 
of  the  meter ;  as  it  makes  it  proof  from  the  effects  of  external 
stray  fields,  concentrating  as  it  does  its  own  magnetizing  field. 

To  show  to  what  extent  these  conditions  have  been  realized  in 
commercial  form,  a  single  phase  integrating  wattmeter  of  West- 
inghouse  manufacture  was  selected  at  random  from  stock  for 
test.  This  wattmeter  is  ot  the  induction  type,  in  which  the 
magnetic  field  produced  by  the  windings  induce  secondary  cur- 
rents in  an  aluminium  disk,  causing  it  to  rotate,  in  the  same 
manner  as  the  armature  of  an  induction  motor.  The  design  of 
this  meter  has  been  carefully  worked  out,  to  give  the  best  all 
around  result  in  actual  use.  The  coils  are  wound  on  iron  cores, 
with  very  nearly  closed  magnetic  circuits,  thus  greatly  reducing 
the  magnetizing  forces  necessary.  This  is  particularly  noticeable 
in  the  series  coil  which  in  an  80-ampere  meter  consists  of  but 
one  turn  of  wire  having  a  length  of  about  three  inches.     Meters 
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of  Other  capacities  have  a  proportionate  number  of  turns.  As 
80  small  a  magnetizing  force  is  required,  it  is  evident  that  the 
induction  drop  will  be  small,  and  as  there  are  so  few  turns  of 
wire,  it  can  be  made  with  a  very  low  resistance,  conditions 
which  are  very  necessary  to  enable  the  meter  to  stand  a  heavy 
overload.  The  aluminium  disk  with  its  shaft  \&  very  light, 
weighing  but  15  grammes. 

Figure  1  is  the  calibration  curve  of  the  meter  mentioned 
above.  This  shows  that  from  1/50  of  full  load,  to  1^  times  full 
load  this  meter  is  correct  within  \\  per  cent,  and  at  twice  full 
load  it  is  still  within  3  per  cent.  The  small  loss  in  series  coil  of 
this  meter  can  best  be  appreciated  when  it  is  stated  that  during 
this  test  it  carried  without  injury  to  itself  for  a  considerable 
period  a  load  of  six  times  the  rated  fall  load  capacity  of  the 
meter,  representing  a  heating  effect  in  the  series  circuit  of  36 
times  that  occurring  at  its  normal  rating. 
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The  writer  would  not  consider  this  paper  complete  without  a 
brief  reference  to  the  metering  of  polyphase  currents,  as  this 
gubject  has  now  become  a  question  of  importance,  owing  to  the 
rapid  increase  in  the  use  of  polyphase  apparatus.  The  type  of 
meter  to  use,  the  way  to  read  the  counters,  the  manner  of  con- 
necting, and  the  limitations  of  the  various  connections,  are  not 
very  generally  understood,  causing  a  great  many  difficulties  and 
questions  to  be  constantly  arising.  The  energy  delivered  to  a 
polyphase  circuit  can  be  measured  by  the  use  of  one  single-phase 
w^attmeter,  two  single-phase  wattmeters,  or  one  polyphase 
vvrattmeter.     A  two-phase  circuit  may  be  treated  as  two  similar 
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single-phase  circuits,  and  with  a  single-phase  meter  connected 
in  one  of  them,  its  reading  will  indicate  one-half  the  total 
energy  supplied  in  the  two  circuits.  It  is  obvious  that  to  have 
the  readings  of  any  value  for  both  circuits,  it  is  absolutely 
necessary  tliat  the  loads  on  the  two  phases  be  balanced ;  that  is, 
of  the  same  amount. 

The  use  of  a  single-phase  meter  on  a  three-phase  circuit  is 
more  complicated,  as  it  is  necessary  to  make  special  connections 
to  obtain  practicable  readings,  the  connections  being  such  as  to 
make  the  meter  show  one  half  of  the  total  energy  in  the  whole 
circuit.  In  order  to  have  the  reading,  however,  of  total  energy 
correct,  the  loads  on  the  phases  must  be  balanced. 

With  two  single-phase  meters,  a  two-phase  circuit  can  be 
metered  correctly  whether  balanced  or  unbalanced,  the  sum  of 
the  readings  of  the  two  meters  in  all  cases  giving  the  total  energy 
in  the  circuit. 

In  a  three-phase  circuit  the  same  is  true,  except  that  the  meters 
will  not  give  similar  readings  y^^hen  the  power  factor  of  the  cir- 
cuit is  less  than  unity,  and  with  the  power  factor  lower  than  0.5 
one  of  the  meters  will  reverse  and  run  backwards.  It  is  neces- 
sary, therefore,  in  order  to  arrive  at  the  total  energy,  to  use  the 
algebraic  sum  of  the  readings  of  the  two  meters.  This  difficulty 
can  be  overcome  and  the  meter  made  to  read  equal  amounts, 
with  varying  power  factors  and  balanced  loads,  by  the  use  of 
specially  connected  meters,  which  will  give  an  apparent  trans- 
formation of  the  three-phase  circuit  to  a  two-phase  circuit  before 
it  is  measured.  The  use  of  two  single-phase  meters  is  undesira- 
ble, owing  to  die  necessity  of  reading  two  meters  and  adding  the 
reading,  to  arrive  at  the  total  energy,  and  it  is  further  aggravated 
by  the  negative  values  shown  on  one  meter  on  three-phase  cir- 
cuits of  low  power  factor,  and  if  ccmnected  to  obviate  the 
trouble,  the  connections  are  difficult  and  complicated  to  be  mcule. 

The  use  of  a  polyphase  meter  overcomes  all  of  these  difficul- 
ties, as  it  can  be  connected  either  to  a  two  or  three-phase  circuit, 
the  connections  being  straightforward,  and  what  is  most  impor- 
tant, its  reading  will  be  on  a  single  dial,  and  will  ehow  the  total 
energy  irrespective  of  unbalancing  of  the  loads  or  changes  in 
power  factor.  It  can  be  seen,  therefore,  that  the  whole  question 
of  using  single-phase  meters  on  polyphase  circuits  depends  en- 
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tirelj  on  the  balancing  of  the  loads  on  the  several  phases,  and 
the  power  factor  of  the  circuit.  In  view  of  the  uncertainty  of 
the  polyphase  circuits  in  this  respect,  the  exclusive  use  of  poly- 
phase naeters  is  to  be  recommended,  ensuring,  as  they  do,  accu- 
rate registration  without  regard  to  these  irregularities. 
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POWKR  FACTOK  INUICATOlllS. 


BY  WILLIAM  HAND  BROWNE,  JR. 


The  introduction  of  induction  motors  in  factories  brings  with 
it  a  power  factor  considerably  less  than  unity.  Since  this  re- 
quires a  larger  current  for  a  given  power  delivered,  the  total 
available  output  of  the  generating:  plant  is  less,  and  the  efficiency 
of  the  system  is  lower  than  if  the  load  were  non-inductive.  Fur- 
ther, the  wattless  component  of  the  current  causes  increased 
armature  reactions,  and  consequently  seriously  affects  the  regula- 
ti<m  of  the  system. 

It  therefore  may  be  thought  desirable  to  balance  wholly  oi-  in 
part  the  wattless  comoonent  of  current,  due  to  the  induction 
motors,  by  the  use  of  synchronous  motors  or  converters,  and  it 
then  becomes  necessary  to  have  some  means  of  knowing  when 
this  has  been  accomplished. 

Methods  of  Determining  Balance. — One  method  of  judging 
the  conditions  of  the  system,  which  is  used  to  some  extent,  is  to 
place  an  ammeter  in  the  line  carrying  the  current  for  both  in* 
duction  and  synchronous  motors.  Then  to  secure  a  balance,  the 
excitation  of  the  synchronous  motor  is  changed  until  the  line  cur- 
rent is  a  minimum.  This  method,  while  simple,  is  exceedingly 
crude,  and  becomes  entirely  unreliable  when  the  synchronous 
motor  is  fairly  well  loaded.  As  the  power  factor  of  the  system 
approaches  unity  under  these  conditions,  a  comparatively  large 
change  in  the  excitation  of  the  synchronous  motor  produces  little 
'or  no  apparent  change  in  the  ammeter  reading.  This  is  because 
the  characteristic  V  curve  of  the  synchronous  motor,  i.  ^.,  anna- 

287 


Digitized  by  VjOOQIC 


288  BRO WNE  ON  PO  WEE  FACTOR  INDJCA TORS.      [Aug.  21 , 

ture  current  on  a  field  current  base,  is  quite  flat  for  large  loaHs. 
The  wattless  component  of  current,  however,  changes  very  rapidly 
as  will  be  shown  later.  The  same  criticism  applies  to  the  use  of 
an  indicating  wattmeter  for  secMirins^  balance.  Here  the  excita- 
tion of  the  synchronous  motor  is  changed  until  the  volt  amperes 
as  found  from  the  ammeter  and  voltmeter  readings  are  equal  to 
the  true  watts  as  indicated  by  the  wattmeter. 

To  show  that  both  of  these  methods  are  unreliable,  suppose  a 
flmall  error  has  been  made  in  reading  the  ammeter  or  wattmeter, 
due  to  carelessness  or  to  instrumental  errors.  Fig.  1  illustrates  the 
effect  of  this  error  on  the  wattless  component  of  current,  or  what 
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Pig.  1. — Curve  showing  the  rate  of  change  of  the  sine  with  the  cosine. 

is  the  same  thing  on  sin  ^,  the  inductance  factor  ;  k  l  represents 
the  power  factor  for  different  percentage  differences  between  the 
true  and  apparent  watts,  m  n  is  the  corresponding  inductance  factor 
curve.  For  an  error  of  1  per  cent,  the  inductance  factor  is  .14. 
For  an  error  of  2  per  cent,  the  wattless  component  of  current  is 
nearly  20  per  cent,  of  the  total  current.  That  is  to  say,  when  the 
attendant  thinks  he  has  secured  a  balance,  the  wattless  current  may 
•till  be  a  very  considerable  fraction  of  the  whole,  and  seriously 
affect  the  regulation  of  the  generator. 

BeJia/oior  of  a  Synchronoits  Motor. — Fig.  2  shows  how  a  syn- 
chronous motor  will  behave  under  these  conditions.     Here  a  con- 
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fltant  applied  volta^  and  a  conBtant  true  watts  input  hare  been 
asBumed,  with  a  rariable  inductance  factor.  That  is  to  say, 
JSIqob  ^  is  constant,  at  5  kilowatts,  represented  by  the  horizontal 
Kne  PA.  (Fig.  2). 

The  base  taken  here  is  JSIsin'f.  The  curve  bo  is  cos  ^  fordifif- 
•erent  yaluM  of  EI  sin  (p.  The  curve  o  d  shows  the  corresponding 
values  of  sin  y? ;   f  a  is  the  armature  current.   These  curves  show 


0       1000      2000      aOOO      40U0      3ttX)     tfOOO       7060~liOOO "  "9000     10000 
"wattless  WATTS" 

Fig.  2. — Ideal  Characteristics  of  Synchronous  Motor. 


that  as  we  approach  unity  power  factor  cos  <p  changes  slowly  and 
the  total  current  changes  slowly,  but  sin  <p  (and  hence  /sin  <p) 
changes  very  rapidly. 

The  need  of  an  instrument  which  will  indicate  accurately  the 
condition  of  the  system  as  regards  balance  being  evident,  it  be- 
comes worth  while  examining  the  methods  and  instruments 
available  for  such  determinations,  as  well  as  the  quantities  to  be 
measured.  The  phase  difference  of  two  waves  is  usually  defined 
as  the  displacement  in  degrees  between  the  points  where  they 
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paas,  in  the  same  direction,  through  zero  or  their  maximum 
values.  In  alternating  current  theory,  where  the  two  waves  are 
assumed  sinuHoids  and  one  is  the  e.m.f.  and  the  other  the  cur- 
rent, the  cosine  of  the  phase  angle  is  called  the  power  factor.  It 
is  equal  to  the  ratio  of  true  watts  to  volt  amperes.  In  practice 
while  we  may  not  have  sinusoids,  this  ratio  is  still  called  the 
power  factor  and  may  be  considered  as  the  cosine  of  the  phnse 
angle  of  the  equivalent  eiuusoids. 

As  pointed  out  above,  measurements  for  determining  the  phase 
angle  are  unsatisfactory  when  involving  the  cosine,  if  the  cosine 
approaches  unity.  We  must  measure  either  the  phase  angle 
directly  or  indirectly,  or  what  in  most  cases  would  be  equally 
satisfactory,  the  wattless  volt  amperes ;  that  quantity  Mr.  Stein- 
metz  has  called  the  '^  wattless  power." 

Unfortunately  few  of  the  methods  suggested  for  measuring 
these  quantities  are  more  than  laboratory  methods^  and  the  in- 
struments used  are  unsuitable  for  practical  work.  The  split 
dynamometer  of  Blakesley,  the  three  voltmeter  method  of  Flem- 
ing, and  the  three  ammeter  method  of  Sumpner  are  too  familiar 
to  need  description  here,  and  are  hardly  applicable  under  the 
usual  operating  conditions..  There  are,  however,  two  or  three 
instruments  which  give  satisfactory  service  under  proper  con- 
ditions. 

(JldssiJiooUion., — Power  factor  indicators  may  be  divided  into 
four  classes : 

1.  Phase  meters,  by  which  the  phase  angle  is  determined 
directly. 

2.  Power  factor  meters,  measuring  a  function  of  the  phase 
angle. 

3.  Wattless  power  meters,  measuring  £'/sin  ^. 

4.  Wattless  current  metera,  measuritig  1  sin  (p. 

In  the  first  class  we  may  include,  in  addition  to  types  to  be 
described  below,  all  forms  of  oscillographs  and  curve  tracers. 

In  the  second  class  we  may  include  all  instruments  measuring 
sin  if  and  tan  ip  as  well  as  cos  <p. 

These  classes  may  be  further  subdivided,  according  to  the 
means  employed  to  obtain  an  indication,  into  four  types : 

(a.)  Electromagnetic,  using  the  force  of  attraction  of  electro- 
magnet?. 

(b,)  Electro-dynamic,  utilizing  the  reaction  between  coils  carry- 
ing currents. 
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(<?.)  Induction,  a  rotating  magnetic  field  is  set  np  and  nsed  to 
deflect  a  disk. 

{d)  Electrolytic,  depending  upon  electrolysis  to  secure  a 
record. 

Phase  Meters, — ^The  various  types  of  oscillographs  and  curve 
tracers  are  too  well  known  to  need  description.  In  general  they 
are  laboratory  instruments  and  not  applicable  to  commercial 
working. 

Tuma^s  Phase  Meter^  (IJ). — Let  the  pair  of  coils  a  b  (Fig.  3) 
carry  the  current  whose  phase  angle,  referred  to  the  £.  m.  f.  is 
desired. 

Within  the  space  between  the  two,  suspended  freely,  is  the 
movable  system  c  d,  consisting  of  two  independent  windings  con- 
nected together  mechanically  at  right  angles.     Let  a  be  the  angle 


Pig.  3. 


Pig.  4. 


which  D  makes  with  the  axis  of  a  b. 

When  a  current  ii  =  /i  sin  (ai  ^  —  f)  passes  through  a  b;  this 
sets  up  an  alternating  flux  in  the  space  between  them  equal  to 

iV  =  i^o  sin  {(tit  —  (p) 

J^Q  being  the  maximum  value  of  the  flux  and  w  2::  times  the  fre- 
quency. Through  d  pass  a  current  in  phase  with  the  e.  m.  f. 
This  will  be 

i^  =  /j  sin  w  t 

1.  J.  Tuma  in  SUsungtberichte  dtr  K.  Preumsehen  Akademie  der  Wiaen' 
sehaften,  vol.  106,  p.  621,  t897.  M.  Briegerin  BuUetin  de  V  As^oeiatum  dss 
^Ingenieum  ^Ifctriciens,  vol.  11,  p.  79,  1899.  Aug.  J.  Bowie,  Jr..  in  Electri- 
cal World  and  Engineer,  vol.  86,  p.  644,  1900.  (Mr.  Bowie  works  out  the  gen- 
eral oondition  and  shows  the  application  to  two  and  three-phase  circuits.)  H. 
Armangat  in  L*Aelairag€  Electrize,  vol.  25,  p.  889.  (Hartmann  and  Braun 
inatrument.) 
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And  thronji^h  o  pass  a  current  in  quadrature  with  this 
is  =  /,  sin  (^  ^  —  0 

The  torque  set  up  between  a  b  and  d  will  be 

Tx  =^  N  i^  sin  a 
Between  a  b  and  o 

Tj  =  NiiQQ%  a 

Substituting  for  :n,  i^  and  i^^  the  values  i^iven  above,  the  effeo 
tive  values  are 

Tx  =  ^^  sin  a  cos  w 

rwi  -^ Q  -»2  • 

I^  =  — ^—^  COS  a  sin  if 

Since  the  coil  is  free  to  turn,  the  angle  a  will  be  such  that 
r,  =  r,,  then 

N  I  N  1 

^    *  sin  a  cos  ^  =   — ^ — ?  cos  a  sin  f 

tan  a  ::  tan  <f 

The  angle  a  is  the  phase  angle. 

Induction  PhdMe  Meters  {\c). — If  we  pass  through  two  coils, 
concentric  but  set  at  an  angle  with  each  other,  currents  which 
set  up  equal  fluxes  difl^ering,  however,  in  phase,  a  rotating  mag- 
netic field  of  elliptical  form  will  in  general  be  created.  If  the 
two  coils  are  inclined  at  an  angle  which  is  the  supplement  of  the 
phase  angle,  the  resulting  field  will  have  a  constant  value.  An 
Armature  suitably  placed  in  such  a  field  will  cause  a  ray  of  light 
reflected  from  an  attached  mirror  to  travel  in  a  circle.  In  apply- 
ing this  method  it  is  necessary  to  have  the  fluxes  of  equal  value 
and  to  change  the  angle  between  the  coils  until  the  ellipse  be- 
comes a  circle  when  the  phase  angle  is  read  off  directly.  The 
instruments  of  Angelmeyer*,  Korda*,  Hess^,  Bossi'  and  one  of 
Arno',  make  use  of  this  principle. 

1.  (a)  "Mesure  des  Differences  de  Phase."  F.  Fontaine  in  BvUeUn  de  V  Am- 
sedation  dei  Ingenieitr$  Electricians,  Nov.  1899. 

2.  VEdairags  Electrique,  vol.  16,  pp.  183,  822,  865,  1898. 
8.  Ibid,  vol.  21,  p.  226,  1899. 
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Electrolytic  Phase  Indicator  (Id.) — A  very  simple  derice,  due 
to  Janet^,  consiets  of  a  metallic  drum  upon  which  rest  two  styli 
of  iron.  One  of  these  is  connected  so  as  to  have  a  difference  of 
potential  between  it  and  the  drum  which  is  in  phase  with  the 
current,  the  other  one  which  is  in  phase  with'  the  b.  m.  f.  On 
the  drum  is  stretched  a  sheet  of  paper  which  has  been  soaked  in 
potassium  ferrocjanide  and  ammonium  acetate. 

When  the  difference  of  potential  between  either  stylus  and  the 
drum  reaches  a  certain  positive  value,  electrolysis  begins  arid  the 
paper  under  that  stylus  turns  blue.  Now  if  the  drum  be  turned, 
each  stylus  traces  a  broken  blue  line  on  the  paper,  each  blue 
mark  representing  part  of  a  positive  half  wave.  The  angular  dis- 
tance from  the  center  of  one  of  these  short  lines  and  that  of  the 
corresponding  mark  made  by  the  other  stylus,  expressed  in  elec- 
trical degrees,  is  the  phase  angle.  This  is  true  only  when  the 
two  waves  have  the  same  form. 

Power  Pactor  Meters  (2). — Two  harmonic  motions  acting  at 
right  angles  and  having  the  same  frequency  and  amplitude  but  a 
difference  in  phase  of  90^,  will  produce,  if  acting  at  the  same 
time,  a  uniform  circular  motion.  If  the  amplitudes  are  not  the 
same,  the  result  is  an  ellipse,  the  major  and  minor  axes  of  which 
are  the  respective  paths  of  the  two  harmonic  motions. 

If  the  phase  difference  is  not  90°  the  two  axes  of  the  resulting 
ellipse  do  not  coincide  in  direction  with  the  two  harmonic  mo- 
tions. 

PuLwifs  Power  Factor  Meter  (2a). — The  principle  just  de- 
scribed has  been  made  use  of  by  Puluy.  Two  electro-magnets, 
through  the  winding  of  each  of  which,  one  of  the  currents,  the 
phase  difference  of  which  is  desired,  is  passed,  act  upon  two  ar- 
matures causing  them  to  vibrate  in  planes  normal  to  each  other. 
A  ray  of  light  falling  upon  a  mirror  attached  to  one  of  these  and 
reflected  to  a  second  mirror  on  the  other,  and  thence  to  a  screen, 
will  describe  an  ellipse,  the  shape  and  position  of  which  is  de- 
termined by  the  values  of  the  two  currents  and  the  phase  differ- 
ence. 

Let  Xbe  the  amplitude  of  one  vibration  and  ^Tthat  of  the 
other.  It  is  evident  that  a  rectangle,  the  sides  of  which  are  re- 
spectively 2  Xand  2  Y^  can  be  circumscribed  about  this  ellipse, 
Fig.  4.     Now  when  either  one  of  the  magnets  is  acting  alone,  a 


1.  See  reference  (a)  aboTe. 
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Straight  line  will  be  described,  2  X  or  2  Tm  length.     The  inter- 
Bection  of  these  lines  will  be  the  center  of  the  ellipse. 

The  co-ordinates  of  any  point  on  the  ellipse,  referred  to  these 
two  lines,  will  be 

X  =  JTsin  w  t  (1) 

y=  JTsin  {to  t  —  ip)  (2) 

f  being  the  difference  in  phase 
In  equation  (1)  let  a?  =  0,  then 

a)  t  =^  n  TT 

n  being  some  whole  number. 
•Substituting  in  (2) 

yo  =  y  sin  (n  n  —  <p) 

=  ±   Zsin^  =  OC  (Fig.  4)  (3) 

Again  let  y  =  0  in  (2),  then 

10  t  —  <p  =z  n  Tz 

Xq  =  Xsin  {nn  -{-  <f) 


=  ±  Xsin  <p  =  0  D  (^Fig.  4)        (4) 
From  (3)  and  (4)  it  follows  that 

O  G       0  D 

''''''  =  OTB-^'WA 

MorlancPs  Power  Factor  Meter. — In  an  apparatus  described 
by  Mr.  Morland\  the  two  conductors  carrying  the  two  currents 
pass  between  the  poles  of  a  permanent  magnet.  Each  of  these 
causes  a  small  mirror  to  vibrate,  producing  the  result  just  des- 
cribed. 

Claudes  Power  Factor  Meter. — Claude'  places  the  two  elec- 
tro-magnets in  direct  opposition  and  causes  them  to  actuate  the 
same  armature.  Let  the  maximum  flux  set  up  by  each  coil  be  N. 
The  ray  of  light  reflected  from  the  mirror  will  under  the  influ- 
ence of  the  flux  N  oscillate  along  a  path  in  length  KN^  E  being 
a  constant.  If  both  coils  were  acting  and  if  the  currents  were  in 
phase,  the  length  of  this  path  would  be  2  jS'  iV^. 


1.  Apparatus  for  illustrating  change  of  phase,  S.  I.  Moreland,  Electrical  En- 
gineer, Vol.  2«,  p.  a87,  Sept.  b,  1898. 

2.  See  reference  (a)  above. 
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Gal]  this  di.     At  any  instant  the  flnx  due  to  one  coil  will  be 

N^=z]SrAnwt  (1) 

That  due  to  the  other  will  be 

Nt  =  N%m{a)t  —  ip)  (2) 

Writing  (1) 

^.=^""[("'-D  +  |] 

and  (2) 

^,=^Bin[(«,._|)-|] 

«nd  taking  tlie  sum  we  have 

iV^i  +  iTa  =  2  iV^sin  U  t  —  f\  oos  t 

and  the  path  to  the  ray  is 

2ir^cos^. 
2 

Call  this  d^. 

Then  it  follows  that 

$  =  cos  5?. 
d^  2 

It  is  evident  from  what  has  been  said  above  that  this  method 
will  not  be  accurate  when  (p  approaches  zero. 

RayleigKa  Power  Factor  Meter  (2a). — Lord  Rajleigh's  ap- 
paratus^ for  measuring  phase  angles  is  somewhat  similar  to  the 
above.  The  movable  loop  is  replaced  by  a  soft  iron  needle  and 
the  two  coils  are  placed  on  opposite  sides  of  this.  The  equation 
then  becomes 

rfi  +  (3^  +  2  ^d^  ck  cos  ip^d^ 

The  deflections  are  measured  as  in  a  reflecting  galvanometer. 
Mr.  Edwin  Place^  gives  the  results  of  a  great  number  of  experi- 
ments made  with  an  instrument  of  this  type.  He  shows  that  the 
angle  found  in  this  way  is  that  between  the  equivalent  sine  waves. 
The  cosine  of  this  angle,  however,  is  not  given  by  the  ratio  of 
true  watts  to  volt  amperes,  the  true  power  factor. 

Tuma   describes  an  instrument  similar  to  the  above  but  with 


1.  PMlasophiedl  MdgoMine,  May,  1897. 

2.  Eleetrieal  World  and  Engineer,  May  18,  1899.  p.  614. 

8.  Siteungsberiehte  der  K,  Pr&uuwchen  AkademU  der  Wissenschaften  (Berlin) 
Tol.  106,  p.  442,  1897. 
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the  coils  at  right  angles.      One  of  these  lies   in   the   magnetic 
meridian. 

He  shows  that,  with  specially  wound  coils,  if  ^  is  the  phase 
angle  and  ip  the  angle  between  the  needle  and  that  coil  which 
lies  in  the  magnetic  meridian,  then 

cos  f  =  tan  2  ip. 

Dynamometer^  Types. — A  Siemens  electro-dynamometer*  hav- 
ing two  fixed  coils  may  be  used  for  phase  angle  measurements 
if  the  movable  system  be  replaced  by  a  coil  closed  upon  itself 
and  suspended  in  the  plane  of  the  other  two. 

1.  If  a  current  i^  =  /j  sin  to  i  be  passed  through  one  coil, 
it  will  set  up  an  b.  m.  f.  in  the  movable  loop 

^1  =  —  M  a)  Ii  cos  io  t. 

2.  When  the  current  i^  =  Ij  ^^^  {^  ^  —  <p)  passes  through 
the  second  coil  it  will  set  up  in  the   movable  coil  an  £.  m.  f. 

^    =    M  W   I2  cos   {(O   t   —   f) 

M  is  the  mutual  inductance  and  is  assumed  the  same  in  each 
case. 

3.  If  the  two  currents  are  flowing  at  the  same  time,  we  have 
in  the  movable  coil 

"'  (3j  -|-  ^2   =   —  M  0}  \Ix  COS  a>  ^  +  ^  cos  (a>  —      ip)\ 

Denoting  the  angles  of  torsion  necessary  to  keep  the  mova- 
able  coil  in  its  zero  position  in  the  three  cases  by  c?,,  d^  and 
{^,  respectively,  and  by  t  the  constant  of  the  instrument  by  K^ 
we  have 

Kd,  =  J^/^a|2  7^efl 

Kd^^M^af  (Aeff    +  y^^eff.  —  2/1  /^eff.  COS  if 

Hence 

dx  +  ^4  —  2  V^^  cos  ^  =  rfs 

and  the  phase  angle  is  deduced  from  this  relation. 
1.  See  reference  (a)  aboTe. 
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Amd%  ^^Tangent  Phase  Meter^^  (2J). — A  second  power  meter 
of  Arno'fl^  consists  of  a  Siemens  electro-dynamometer  with  an 
additional  pair  of  coils  closed  npon  themselyes  and  fastened  to- 
gether at  right  angles.  The  pair  as  a  whole  is  suspended  within 
the  two  other  coils  and  may  be  held  in  any  position  by  a  torsion 
spring.  In  Fig.  5  let  a  and  b  be  the  two  coils  of  the  dynamom- 
eter and  o  and  d  the  pair  of  short-circuited  loops. 

Passing  the  two  currents  through  a  and  b  respectively,  the  in- 
strument becomes  a  wattmeter  and  we  have 


/i  /a  cos  (p  ^  kxd^ 


(1) 


Pig.  6. 

where  di  is  the  angle  of  torsion  required  to  keep  the  movable 
coil  in  position,    k^  is  the  constant  for  this  system. 

Now  fix  B  and  pass  the  current  /j  through  a,  this  will  set  up 
in  G  an  £.  m.  f. 


M  l^oi  cos  ia  t    =    ilf  7,  ai  sin  ( 01  ^  —  -J 
in  c  a  current 
u  =  — !   /,  w  sin    la;  t  —  - 1 


ex  = 


This  will  cause  in  c  a  current 


1.  UEelairage  Mleetrique,  vol.  13,  p.  520;    vol.  21,  p.  226;    vol.  26,  p.  484; 
also  reference  (a)  above. 
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The  indnctance  of  the  loop  is  aMumed  negligible ;  r^  is  the  re- 
^IstaDce. 

This  current  being  in  quadrature  with  that  in  a  will  set  up  no 
torque. 

The  current  in  a  \dll  have  no  inductive  effect  upon  the  loop  d 
since  they  are  kept  at  right  angles. 

If  at  the  same  instant  a  current  1%  is  passed  through  b,  we  will 
have  at  this  instant  in  b 

{2  =  I2  sin  {(o  t  —  (p) 

e%  =  M I^  w  An  {(o  t  —  -  —  <p) 

and  a  current 

1 2  =   —  I%oi  sm  \w  t  —  -  —  (p) 
T  2 

This  assumes  the  same  mutual  inductance  for  each  pair  of  coils 
and  the  same  resistance  for  the  two  loops  o  and  d. 

This  current  will  react  with  that  in  a  and  set  up  a  torque  pro- 
portional to  their  product 

^- — i  (0  sm  CO  t  Bin  {cD  t  —  -  —  <p) 

r  2 

The  effective  value  of  this  torque  is 

2  /•  V^       2/  2  r  ^ 

It  is  evident  that  the  couple  existing  between  b  and  c  will  have 
the  same  value  but  have  an  opposite  sign,  since  the  current  in  c 
being  in  quadrature  with  that  in  a  will  be  less  than  90^  behind 
B,  while  that  in  d  will  be  more  than  90°  behind  a. 

The  resulting  torque  of  the  system  is  proportional  to  /j  /j  sin  <f 
and  may  be  written 

Ii  7,  sin  =  A^  fl^  (2) 

where  ^  is  a  constant  and  d^  the  angle  of  torsion. 
Dividing  (2)  by  (1)  we  have 

*l4»  =  A  ^*  =  tan  if 
giving  the  phase  angle  in  terms  of  its  tangent. 
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Breitfidd^s  Method  (25). — Mr.  C.  Breitfield*  has  suggested  an 
application  of  an  ordinary  wattmeter  for  measuring  the  power 
factor  of  a  three-phase  system.  The  current  coil  is  placed  in  one 
line  and  one  end  of  the  pressure  coil  also  connected  to  this  line. 
The  other  end  is  0rst  connected  to  the  second  line  and  then  to 
the  third.     In  the  first  case  we  have  the  deflection 

d^  =  ^/cos(^  — 30^) 
In  the  second 

^  ==  ^  /  cos  (^  +  30^) 
From  these  equations  we  hare 

d^  —  d^  —  E  I  %\VL  if  sin  80** 
d^  +  dn  —  E  I  Qo%  f  cos  30^ 


Hence 


tan  ^=1/3 


r^,  —  d^ 

Ld,  +  dj 


Oeneral  Electric  Comjxmifs  Instrument  (25). — The  well- 
known  fact  that  the  ratio  of  the  readings  of  the  two  wattmeters 
used  to  measure  the  power  of  a  three-phase  system  changes  with 
the  power  factor  and  is  unity  when  the  power  factor  is  unity,  has 
been  made  use  of  by  the  General  Electric  Company  to  indicate 
the  power  factor.  The  instrument^  is  simply  two  wattmeters  of 
the  dynamometer  type,  the  movable  coils  of  which  are  attached 
to  the  same  spindle.  The  instrument  deflects  to  the  right  or  left 
according  as  the  current  \ags  or  leads,  and  stands  at  zero  when 
the  system  is  balanced  and  the  power  factor  unity. 

Ferrarii  Power  Factor  Meter  (^c). — Ferraris^  combines  two 
harmonic  fields,  producing  a  rotating  field  of  elliptical  form. 
Within  this  field  is  suspended  a  short-circuited  coil  which  can  be 
held  in  any  position,  by  a  toraion  spring,  as  is  the  movable  coil  of 
a  Siemens  dynamometer.  The  force  required  and  therefore  the 
angle  through  which  the  spring  must  be  turned,  to  hold  the  coil 
in  any  position  is  proportional  to  the  square  of  the  intensity  of 
the  flux  in  that  direction.     Points  can  thus  be  determined  and 

1.  SUdroUehniiehe  ZeiUchrift,  vol.  20,  p.  120.  1899. 

2.  BleeMcal  World  and  Engiiuer,  vol.  87.  p.  688,  April  27,  1901. 
8.  See  reference  (a)  above. 
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the  ellipse  plotted  and  the  sine  of  the  phase  angle  deduced  as 
above.     (See  Puluy's  Method,  page  481.) 

Powtr  Factor  Indicators  (J).— In  the  methods  described 
above,  the  object  sought  was  the  determination  of  the  phase  angle. 
But  few  of  these  are  applicable  under  the  usual  operating  condi- 
tions. We  might  mention  as  useful  forms,  those  of  Tuma  and 
the  General  Electric  Co.  In  most  cases,  however,  we  are  more 
concerned  with  the  magnitude  of  the  wattless  component  of  cur- 
rent than  with  the  power  factor.  We  care  less  about  the  decrease 
in  the  total  output  than  about  the  poor  regulation  caused  by  in- 
ductive loads.  Instruments  which  will  indicate  the  wattless 
current,  or  rather  the  wattless  volt  amperes  are  easily  made  in 
commercial  form. 

"  Wattless  WattTJieters.^^  Dynammneter  Type  {3b).— A.  Sie- 
mens dynamometer  becomes  a  wattmeter  indicating  JSIco8<p 
when  the  current  is  passed  through  one  coil  and  a  current  pro- 
portional to  and  in  phase  with  the  e.  m.  f.  through  the  other. 

If  the  current  in  the  pressure  coil  be  in  quadrature  with  the 
E.  M.  F.  the  instrument  indicates  EJ  sin  ^,  the  wattless  volt  am- 
peres. 

This  is  easily  done  with  a  two-phase  system.  With  a  single- 
phase  system  it  is  necessary  to  place  a  proper  condenser  or  induc- 
tive reactance  in  series  with  the  pressure  coil. 

"  Wattlees  Wattmeters.^^  Induction  Type  {3c)»  Dobrowolski^s 
Power  Factor  Indicator^. — In  a  fully  (compensated  induction 
meter  the  shunt  flux  is  in  quadrature  with  the  series  flux,  the 
result  of  the  two  being  a  rotating  or  shifting  field.  If  the  shunt 
flux  be  brought  into  phase  with  the  series  flux  an  alternating  field 
only  will  be  set  up  as  long  as  the  current  and  e.  m.  f.  are  in  phase. 
If,  however,  the  current  lags,  the  field  will  rotate  in  one  direc- 
tion. If  it  leads,  the  field  will  rotate  in  the  opposite  direction. 
The  torque  developed  on  a  disk  placed  in  this  field  is,  in  either 
case  proportional  to  ^7  sin  ^,  the  wattless  volt  amperes.  This  is 
the  principle  of  Dobrowolski's  apparatus. 

The  movable  disk  is  held  in  its  zero  position  by  a  spring  when 
the  wattless  volt  amperes  are  zero,  but  deflects  one  way  or  the 
other,  when  the  current  is  out  of  phase,  an  amount  proportional 
to  ^7  sin    if. 

Any  induction  wattmeter  can  be  used  in  this  way  provided  the 
flux  through  the  pressure  coil  be  brought  into  phase  with  the 

1.  U.  S.  Patent  No.  649.449,  1896. 
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WatUess  Otirrent  Meters  (4). — The  AUegemeine  Electricitats 
Geeellschaft  make  an  instrument^  which  indicates  the  wattless 
current.  This  is  really  an  induction  wattmeter  having  the  shunt 
flux  in  phase  with  the  e.  m.  f.  and  indicates  therefore  only  when 
there  is  a  phase  difference.  As  an  instrument  of  this  type  indi- 
cates JSI Bin  <p^  it  is  presumed  that  this  meter  is  graduated  to  read 


Pig.  6. 
J  sin  <p  at    normal  voltage,  and  should  properly  come  under 
"wattless  wattmeters'*  (3c.) 

Behavior  of  Power  Factor  Indicators. 

The  Siemens  Meotro-dynamometer. =The    following  set    of 
curves  (Fig.  6)  were  taken  with  a  Siemens  dynamometer,  the 

U  L'Belairage  Eketrigus,  vol.  80,  p.  880. 
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movable  coil  of  which  was  in  series  with  a  capacity  of  8.5  micro- 
farads. The  values  of  cos^,  sin  tp  and  EI  sin  ip  plotted  have  been 
computed  from  ammeter,  voltmeter  and  wattmeter  readings  given 
in  Table  L 

EI%m  ^  is  a  straight  line  and  is  plotted  above  and  below  the 
axis  to  indicate  lagging  and  leading  currents  respectively.  The 
base  is  the  deflection  in  degrees.  These  curves  were  taken  for  a 
constant  power  delivered,  of  600  true  watts.  The  displacement 
of  current  was  obtained  by  means  of  a  phasing  transformer.  For 
comparison  between  EIAn  (p  and  cos  (p  the  axis  of  abscissae  is 
taken  as  unity  for  the  latter,  and  the  decreasing  values  plotted 
above  and  below  this. 

TABLE.  1. 
8iemens  Dynamometer  as  Power  Factor  Indicator. 


Amp. 

Volu 
E 

Watts 
A'/CO8  0 

Deflec- 
tion. 

Direc- 
tion. 

Phaae 

Apparent 
watts 

EI 

Power  fac- 
tors 
008^ 

Induct- 
ance fact- 
ors sin  ^ 

^Jsin^ 

X0.15 

X08 

Soo 

a«3 

Right 

Lead 

1096 

.456 

.889 

975 

8.4 

108 

500 

«58 

(» 

»» 

907 

.55* 

.834 

755 

7.58 

107.9 

goo 

M« 

ti 

'• 

818 

.611 

■79« 

647 

6.St 

108 

SOO 

S06 

'» 

" 

703 

.7XX 

.703 

494 

5.63 

107.8 

500 

78 

♦' 

*» 

607 

.8a3 

.568 

994 

5'*S 

107.8 

500 

53 

♦  4 

»i 

5«6 

.884 

.467 

341 

4.78 

105.5 

SCO 

"3 

Left 

Lag 

5<H 

.99a 

.w6 

63 

5.05 

«o5.7 

500 

44 

'• 

41 

533 

.938 

.346 

«85 

5.67 

106.  X 

500 

76 

•• 

'» 

609 

.83X 

•555 

334 

8.17 

106 

500 

>S5 

" 

" 

866 

.577 

.817 

707 

9.61 

105.9 

500 

197 

«i 

.1 

XC07 

.497 

.867 

873 

Note. — Pressure  coil  m  series  with  3.5  microfarads  capacity. 

We  notice  first  that  these  lines  do  not  pass  through  the  origin. 
The  resistance  of  the  pressure  coil  is  not  negligible,  as  the  in- 
strument shows  a  slight  deflection  at  unity  power  factor.  The 
curves  show  very  clearly  that  a  slight  change  in  the  power  factor 
when  near  unity  caused  a  comparatively  large  change  in  the 
value  of  EI  sin  <p. 

This  fact  is  very  striking  when  working  with  the  instrument. 
It  may  be  made  to  deflect  considerably  to  the  right  or  left  with- 
out producing  any  appreciable  change  in  the  reading  of  tht 
Weston  wattmeter,  the  current  and  voltage  remaining  constant 
the  while. 
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Power  factors  for  larger  power  delivered,  lie  below  the  one 
just  considered  and  hence  are  still  flatter  when  approaching 
unity.  One  for  1,000  true  waits  has  been  plotted  from  calculated 
values  only.  It  shows  that  it  would  be  practically  impossible  to 
say  from  ammeter,  voltmeter  and  wattmeter  readings  alone, 
when  the  current  was  in  phase  with  the  e.  m.  f.  With  the  power 
factor  indicator,  however,  there  would  be  no  difficulty  in  getting 
an  almost  exact  adjustment. 
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Pig.  7. 

Weston  Wattmeter  as  Power  Factor  Indicator. — In  Fig.  7  is 
given  the  characteristic  of  a  Weston  wattmeter  of  150  volts,  50 
amperes  capacity,  used  on  a  two-phase  system  in  the  manner 
described  above.  The  characteristic  is  a  straight  line,  but  does 
not  pass  through  the  origin. 

This  may  be  due  either  to  the  slight  inductance  of  the  pressure 
coil,  or  to  a  slight  change  in  the  phase  angle  between  the  im- 
pressed E.  M.  F.'s  or  to  both. 
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The  method  of  calibrating  congiBted  in  connecting  the  pressure 
coils  of  the  power  factor  indicator  and  wattmeter  respectively  to 
the  two  primary  windings  of  a  two-phase  induction  motor,  used 
as  a  phasing  transformer.  The  current  coils  of  the  meters  wero  in 
series  and  connected  to  the  movable  secondary.  As  the  secondary 
is  shifted,  the  load  is  partially  shifted  from  one  phase  of  the  primary 
winding  to  the  other.  This  doubtless  caused  a  slight  change  in  the 
phase  angle  between  the  e.  m.  f.'s  at  the  motor  terminals.  The 
motor  used  was  rated  at  two  horse-power.  The  supply  was  drawn 
from  two  4  k.  w.  transformers,  both  partially  loaded  in  addition 
with  lights. 


TABLE  II. 

Weston  Wattmeters  as  Power  Factor  Indicator. 

True 
Watts. 

Voluge. 

Amperes. 

WatUeM 
volt  am- 
peres ob- 
served. 

Phase 

relation. 

Voluam- 
peres. 

Power 
factor. 

Induct- 
ance fac- 
tor com- 
puted. 

Wattless 
volt-am- 
peres com- 
puted. 

1970 

iif.5 

44-4 

4530 

Lag 

4950 

.398 

.917 

4S40 

tt 

" 

34.7 

33*5 

•  t 

3870 

.509 

.860 

3330 

♦* 

29.8 

a690 

" 

3340 

•590 

.807 

3690 

" 

as.o 

1950 

" 

9790 

.706 

.708 

1975 

•• 

ao.x 

1050 

" 

3340 

.879 

.477 

1070 

♦* 

«7.7 

..0 

•• 

'975 

.997 

.071 

140 

*• 

17.65 

0 

- 

1970 

f.O 

.0 

0 

•' 

ao.1 

1130 

Lead 

aa40 

.879 

.477 

1070 

ti 

as.o 

aoso 

i< 

•790 

.706 

.708 

«975 

»t 

a9.8 

2785 

" 

3340 

.590 

.807 

3690 

" 

34-7 

34«o 

44 

3870 

•509 

.860 

3330 

•* 

44.4 

4610 

ti 

4950 

.398 

.9*7 

4540 

The  agfeemeut  between  observed  and  calculated  values  of  EI 
sin  (p  is  good.  Table  II  gives  observed  and  computed  values  for 
this  instrument. 

Induction  Meters, — In  Fig.  8  are  shown  a  set  of  curves  ob- 
tained from  a  Shallenberger  integrating  wattmeter  used  as  a  power 
factor  indicator.  The  instrument  is  a  600-volt,  lO-ampere  meter 
of  the  older  type  (1898).  The  reactive  coil  was  replaced  by  a 
non-inductive  resistance  of  2,000  ohms.  In  series  with  this  was  a 
capacity  of  3  mf.,  this  being  found  to  balance  the  inductance  of 
the  shunt  coil  at  a  frequency  of  60  cycles.  In  this  case  the  in- 
strument was  used  as  a  recording  meter.     The  curves  plotted  are 
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.£7 sin  ^j  COB  <p  and  ^,  all  on  a  revolutions  per  minute  base,  for  a 
delivered  power  of  500  true  watts.  Table  III  gives  the  instru- 
naental  readings  and  computed  values  for  these  curves. 

Fig.  9  shows  the  results  from  the  same  meter  under  somewhat 
different  conditions.  Eere  the  recording  train  was  removed  to 
lessen  the  friction,  and  a  light  steel*  spring  attached  to  the 
spindle  of  the  revolving  disk.    A  pointer  attached  to  the  disk 
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Fig.  8. 


passed  over  a  scale  marked  in  degrees.  The  curves  plotted  are, 
as  before,  EI  sin  ^,  cos  <p  and  <p^  for  a  delivered  power  of  500 
true  watte.  The  base  is  degrees  deflection.  It  will  be  noticed 
that  from  80°  lag  to  20®  lead  the  deflection  is  almost  directly 
proportional  to  the  phase  angle.  The  flattening  of  the  curve  for 
cos  <p  is  very  marked.  This  instrument  was  even  more  sensitive 
than  the  dynamometer  and  besides  was  dead  beat,  as  the  damping 
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magnets  were  left  in.     Table  IV  gives  the  instrumental  readings 
and  computed  values  for  these  curves. 

Application  of  Power  Factor  Indicator. — To  illustrate  the 
application  of  a  power  factor  indicator,  the  Weston  wattmeter 
mentioned  above  was  used  to  measure  the  wattless  volt  amperes 
taken  by  a  General  Electric  T^-kilowatt,  125-volt,  four-pole, 
synchronous  converter  for  diflfereut  values  of  iield  current.  The 
converter  was  run  on  a  two-phase  system  at  constant  input.  The 
supply  was  drawn  from  two  Westinghouse  T^-kilowatt  trans- 
formers, o.   D.   type,   fitted    with   a   Hartford    regulator.     The 

TABLE  III. 
i:)hallenberger  Wattmeter  as  Power  Factor  Indicator.     10  amp.  400  volts. 


No. 

Amp. 

Volu. 

Watu 

r.p.m. 

Direc- 

tiOD. 

lO.OI 

111.3 

505 

3C.8 

Left 

8 

iti.S 

505 

a3-4 

it 

6 

111.5 

505 

»3.45 

'• 

507 

IIX.O 

505 

7.45 

•' 

4.7« 

1 10. 3 

503 

4.68 

»t 

4-5 

III. 9 

505 

0 

- 

4.58 

IMS 

S05 

5.«9 

Right 

5.00 

"4.3 

504 

8.7 

'• 

6.09 

iia.2 

50s 

14.6 

" 

lO 

8.0 

111.3 

505 

32.8 

•' 

11 

lao 

III. a 

505 

30.6 

ti 

Phase. 


Appar- 
ent 
watts 
KI 


Power  ' 
factor 
COS  0 


Phase 
Angle 


H" 


]   Induct- 
iancefac- 

I      ^^ 

sin  ^ 


Lagging! 


j 
Leading 


1114 
891 
669 
563 
5»7 
504 
S^l 
57a 
684 
890 


.449 
.567 
.756 
.898 
•954 
i.oo 
.963 
.881 
.738 
.567 
.454 


,  63®  —  10' 
'     55—37 

:   40—53 

i7-a6 

I 

I        o 

15—50 

a8— 14 

I     4a— «6 

55- a8 

63 — CO 


.898 
.8^4 
.655 
•440 
.300 
o 
.»73 
•473 
.675 
.824 
.891 


^/sin^ 


99« 
734 
438 
"48 
158 
o 

M3 

370 
46a 
733 
99a 


Note. — Impedance  coil  cut  out  and  shunt  coil  in  series  with  three  microfarads  and  a,ooo  ohms. 

output  was  absorbed  by  a  lamp  bank  and  water  rheostat. 

In  Fig.  10,  armature,  current  and  wattless  volt  amperes  have 
been  plotted  as  ordinates,  the  base  being  field  current.  The  input 
was  3J  K.  w.  per  phase.  The  flatness  of  the  current  curve  alluded 
to  above  is  quite  noticeable  here.  The  characteristic  for  wattless 
volt  amperes  is  plotted  above  and  below  the  axis  of  abscissae  to 
indicate  lagging  and  leading  currents  respectively. 

The  instruments  were  quite  steady,  a  condition  indicating  but 
little  hunting  of  the  armature,  although  there  were  no  devices  on 
the  machine  to  prevent  this  phenomenon.  The  power  factor  in- 
dicator, although  exactly  like  the  wattmeter,  was  even  steadier 
than  the  latter.  There  was  no  difficulty  in  setting  the  indicator 
to  read  any  desired  value  by  adjusting  the  field  current. 
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It  was  stated^  at  a  recent  meeting  of  the  National  Electric 
Light  Association,  during  the  discussion  of  a  paper  on  synchronous 
converters,  that  it  was  practically  impossible  to  operate  a  syn- 
chronous motor  or  converter  at  unity  power  factor.  The  reasons 
given  were  hunting  of  the  arniature  and  dissimilar  e.  m.  f.  waves 
of  motor  and  generator.  In  the  above  experiment  it  was  found 
that  the  power  factor  indicator  could  be  set  at  zero  and  under 
these  conditions  the  true  watts  and  the  volt  amperes  were  equal. 
This  condition  would  seem  to  be  that  of  practically  unity  power 
factor. 


Fig.  9. 

A  number  of  power  factor  curves  of  synchronous  converters 
have  been  published  recently  in  which  the  current  passes  from 
lag  to  lead  without  the  power  factor  passing  through  unity.  Even 
if  it  were  impossible  to  hold  the  power  factor  at  unity,  it  must 
pass  through  this  value  as  it  swings  across  the  line. 

In  Fig.  11  are  plotted,  on  an  excitation  base,  curves  of  power 
factor  from  wattmeter  readings  and  inductance  factor  from  the 

1.   Westem  Electrician,  Feb.  9,  1901. 
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^'wattless  wattmeter"  readings.  In  addition  there  have  been 
plotted  two  curves  obtained  by  assuming  these  values  to  be  cosines 
and  sines  of  phase  angles  and  the  corresponding  values  of  sines 
and  cosines  taken  from  tables  and  plotted  on  the  same  base. 
These  deduced  values  do  not  agree  at  all  with  the  observed  ones. 
The  discrepancy  is  greater  for  leading  than  lagging  currents. 
This  discrepancy,  as  has  been  pointed  out  by  Mr.  Steinmetz\  is 


TABLE  IV. 
ShalleDberger  Wattmeter  as  Power  Factor  Indioator. 


No. 

Amp- 
eres, 

VolU. 

True 
wattf. 

deaection. 

Direc- 
tion. 

Phaae 

Apparent 
watts. 

COS  ^ 

0 

sin  0 

^  Jsin  ^ 

8.a9 

XIO. 

500 

75*' 

Left 

La«. 

911 

.549 

56«'-4a' 

.836 

761 

7.a7 

108.5 

500 

60 

" 

788 

.634 

50—39 

.773 

608 

6.54 

109. 

500 

50 

«• 

712 

.70a 

45—35 

.71a 

507 

5.85 

XIO.  5 

500 

40 

646 

■774 

39— «7 

.633 

409 

5-4« 

io9.a 

500 

30 

590 

.848 

.530 

3«3 

4-94 

109.9 

500 

90 

543 

.9ai 

9^ — 56 

.390 

aia 

7 

4.57 

iir.i 

500 

10 

" 

507 

.987 

9—04 

.158 

80 

4' 59 

108.4 

500 

0 

- 

- 

498 

I. 

0 

0 

0 

4.67 

109. 

500 

10 

Right 

Lead 

509 

.98a 

10—53 

..89 

96 

lO 

5.35 

108. 

Soo 

30 

tt 

578 

.865 

3<^-07 

.50* 

390 

It 

5.87 

109.4 

500 

40 

•' 

64a 

.78 

38-44 

.6a6 

403 

la 

6.45 

«09.7 

5C0 

50 

" 

707 

.708 

45—05 

.706 

498 

»3 

7-44 

107.4 

500 

60 

'♦ 

799 

.6a6 

51—13 

.779 

6.3 

14 

8.16 

I108.7 

500 

70 

•* 

886 

.564 

55—40 

.8a6 

73.       1 

Note.— Impedance  coil  removed  and  ihunt  coil  in  feries  with  three  microfarads  and 
non-indactiTC  resistance.    Recording  gear  removed  and  light  torsion  spring  attached  to 


a,ooo  ohms 
disk. 


due  to  the  distortion  of  the  e.  m.  f.  and  current  waves. 

Table  V  gives  observed  and  computed  values  for  these 
curves. 

Conolimona. — It  would  seem  from  the  above  that  there  is  a 
decided  need  of  an  accurate  power  factor  indicator  in  all  large 
installations,  but  especially  in  those  in  which  induction  and  syn- 
chronous motors  are  used  together.  This  method  of  operation 
has  been  adopted  by  the  Deering  Harvester  Company,  where  ad- 
justment of  the  exciting  current  of  the  synchronous  machine  is 

1.  Symbolic  Representation  of  General  Alternating  Waves  and  of  Doable- 
Frequency  Products.    0.  P.  Steinmetz,  Transactions,  vol.  16,  p.  289,  1890. 
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made  by  means  of  a  wattmeter,  and  at  Butte,  Montana^,  where 
adjustment  is  made  from  ammeter  readings.  The  advisability  of 
adopting  this  composite  system  is  not  in  question  here.  We  are 
considering  merely  the  best  method  of  attaining  the  end  sought. 


1 
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^ 
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0 
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6 

2 

0 

2 

.6 

8 

1000 

AMPERES 

N 

EXCITA- 
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\ 

V 

1 
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\ 

\ 
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GENERAL  ELECTRIC  SYNCHRONOUS  CONVERTER 
T-K^KW.  126  V.  4  POLE,  60  A/ 

\ 

\ 

7000 

I-I       AR 

MATURE  < 
WATTLESS 

CURRENT 
WATTS" 

\ 

<■ 

Pig.  10. 

For  accurate  adjusting  of  the  system  the  indicatioiis  of  the  in- 
strument should  depend  upon  the  values  of  (p  or  sin  f  and  not 
upon  cos  tp. 

Instruments  of  the  dynamometer  or  the  induction  type  seem 
more  s^uitable  for  operating  conditions.     If  the  meter  be  of  the 

1.  Elec.  Lt.  &  Power  at  Butte,  Mont.    J.  R.  Cravaih,  Blec.  W.  &  E..  vol. 
87.  p.  149.  Jan.  26,  1901. 
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dynamometer  type  the  resistance  of  the  pressure  coil  must  be 
negligible  if  it  is  to  be  used  on  a  single-phase  system,  a3  the  cur- 


I 
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GENERAL  ELECTRIC  SVr^CHRONOUS  CONVERTER 
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Fig.  11. 
rent  in  this  coil  must  be  in  quadrature  with  the  e.  m.  f. 
If  the  meter  is  to  be  used  on  a  two  or  a  three-phase  system, 
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the  inductance  of  the  pressure  coil  must  be  negligibly  small,  and 
meter  connected  in  one  of  the  methods  described  above.  In  this 
<:ase  care  must  be  taken  that  the  loads  on  the  different  phases  be 
kept  equal.  In  a  two-phase  system,  unbalancing  the  phases  will 
shift  the  E.  M.  F.'s  relatively  to  each  other.  In  a  three-phase  sys- 
tem, since  the  meters  used  are  really  wattmeters,  unbalancing  the 
phases  will  vitiate  the  indications  of  the  instniment. 

If  the  meter  be  of  the  induction  type  the  inductance  of  the 
pressure  coil  must  l}e  negligible,  since  not  only  is  it  undesirable 

TABLE  V. 

Oeneral  Electrio  Synchronous  Converter.    7iK.w.,  125  v.,  4-pole,  60  .^i  2-phase. 
Input  8.5  K.w.  per  phase. 


Wattless 
kUo-voit 
ftmperes. 

Amperes 
armature 
current. 

Voltace 

at 
brashes. 

Amp- 
eresfield 
current. 

Phase 
reiation. 

Kilovolt 
amperes 

Power 
factor. 

Induc- 
tance 
factor. 

sin^ 

computed 
ftom  pow- 
er factor. 

COS  9 
computed  j 
from  in- 
ductance 
factor. 

5.55 

6r.6 

109.9 

0.57 

Lag 

676 

.518 

.8aa 

.855 

■569 

4.23 

5».3 

110.0 

0.78 

»• 

5.64 

.691 

•75« 

•784 

.661 

9.63 

40.9 

109.9 

1.03 

" 

4-5 

.778 

.583 

.6a8 

.81a 

»  45 

35  7 

1097 

I. a 

I* 

39' 

.895 

•37« 

.446 

.919 

0.4s 

320 

1C9.8 

1.36 

" 

35' 

.997 

.128 

.077 

.99a 

—  cos 

31.9 

1C9.8 

».47 

Lead 

3.50 

,.0 

.014 

.0 

.999 

—  0.45 

32.1 

XIC.O 

1.55 

" 

3-53 

.99a 

.198 

.X26 

.99a 

—  X.80 

35.7 

XI0.4 

1.69 

'* 

3-94 

.888 

.306 

.460 

.95a 

9.«« 

40.9 

109.8 

1.88 

♦' 

4.-49 

•779 

•495 

.697 

.869 

-3.65 

5«.3 

IXO.O 

a.as 

5.64 

.6ax 

.648 

.784 

.762 

—  5-30 

61.6 

1 10. 9 

2.5 

6.78 

.5«6 

.78a 

.857 

.6a3 

—  665 

71.9 

109.8 

a.  75 

'* 

789 

•444 

.844 

.896 

<36 

to  use  condensers  to  compensate  for  this,  both  from  their  bulki- 
ness  and  expense,  but  the  presence  of  any  reactance  makes  the 
deflection  dependent  upon  the  frequency.  An  attempt  was  made 
to  improve  upon  the  induction  meter  described  above  by  remov- 
ing the  three-legged  stampings  of  iron  upon  which  the  pressure 
coil  was  wound.  The  inductance  was  still  too  large  for  satisfac- 
tory working  and  as  the  condensers  in  the  laboratory  were  not 
sufficient  to  compensate  for  this,  it  was  necessary,  to  make  up 
for  this  lack  of  capacity  and  to  avoid  the  use  of  iron,  to  add  an 
auxiliary  inductance  wound  on  a  wooden  bobbin.  The  instru- 
ment thus  modified  was  found  to  be  bo  sensitive  to  slight  changes 
in  frequency  that  it  was  impossible  to  use  it  with  any  degree  of 
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aatisfaction  in  the  laboratory.  Any  change  of  load  on  the  prime 
mover  would  so  change  the  reading  of  the  instrument  as  to  make 
its  indications  extremely  unreliable. 

Dobrowolski  shows,  in  the  reference  given  above,  the  applica- 
tion of  his  instrument  for  automatically  adjusting. the  excitation 
of  the  synchronous  machine  so  as  to  keep  the  power  factor  at 
unity  at  all  times. 

The  use  of  an  instrument  of  this  kind  emphasizes  the  fact  that, 
when  induction  motors  are  used  alone,  the  inductance  factor  is 
always  a  large  percentage  of  the  power  factor.  For  instance, 
when  the  power  factor  is  .85  the  inductance  factor,  assuming 
sinusoidal  waves,  is  nearly  62^  of  this.  That  is,  for  every  kilo- 
watt used  by  tl>e  motor,  620  **  wattless  watts  "  are,  so  to  speak^ 
borrowed.  It  would  seem  but  fair  that  those  who  use  induction 
motors  should  at  least  pay  rental  for  the  wattless  volt  amperes 
required.  It  is  true  this  does  not  represent  energy  consumed, 
but  it  does,  in  a  sense,  represent  energy  borrowed  and  returned 
and  the  station  must  have  sufficient  capacity  in  generators  to 
meet  all  such  calls  for  loans. 

The  additional  charge  could  be  taken  care  of  by  over-com- 
pensating integrating  wattmeters  of  the  induction  type,  as  sug- 
gested by  Mr.  Benischke.  They  would  then  read  high  on  lagging 
reactive  loads  and  low  on  leading  reactive  loads.  This  would  put 
a  premium  on  the  use  of  synchronous  motors  as  they,  if  not  too 
greatly  over-excited,  help  out  in  the  regulation  of  the  plant.  The 
induction  motor  has  so  many  points  in  its  favor  it  can  well 
afford  to  pay  for  what  it  needs— a  large  wattless  component  of 
curreint. 
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Eighteenth  Annual  Convention. 

JDutcussion  at  Buffalo  Atcffust  2hL  Papers  hy  Lincoln^ 
HotskinSy  Davis  and  Browne. 

Mk.  W.  S.  Barstow  : — In  the  last  paper,  that  of  Mr.  Browne, 
I  was  very  much  impressed,  as  a  central  station  manager,  with 
the  special  attention  paid  to  the  wattless  energy  in  the  starting  of 
the  motor?.  In  large  central  stations,  the  one  thing  which  is  re- 
tarding to  a  very  marked  degree  the  development  of  the  alter- 
nating current  both  for  railway  and  for  lighting,  is  the  fact  that 
you  are  required  to  have  in  the  station  such  a  large  capacity  com- 
pared with  the  horse  power  of  the  motors  that  are  installed,  as 
against  that  which  it  is  necessary  to  carry  with  a  direct  current 
installation.  Whether  it  will  be  possible  for  the  station  to  secure 
an  income  from  this  "  borrowed  current," — that  is* quite  another 
matter  to  consider.  In  almost  all  cities  there  are  both  systems  in 
existence,  and  the  cost  of  the  two  systems,  direct  and  alternating, 
are  continually  compared  ;  so  that  we  have  the  commercial  prob- 
lem of  still  getting  a  rental  for  the  borrowed  energy  used  in  start- 
ing the  motors,  and  at  the  same  time  keeping  the  customer's  bill 
so  that  it  will  not  suflfer  by  comparison  with  that  for  the  energy 
used  in  direct  current  motors.  In  other  words,  there  are  many 
cases  all  over  the  country  where  in  one  block  a  customer  will  use 
direct  current  service  and  in  the  very  next  block,  or  a  short  dis- 
tance away,  another  customer,  a  friend  of  his,  will  have  an  alter- 
nating service,  and  they  often  compare  their  bills.  That  is  one  ob- 
jection from  the  commercial  side,  but  still  I  think  that  the  central 
station  ought  to  receive,  in  some  way,  as  Mr.  Browne  has  so  ap- 
propriately put  it,  a  rental  for  this  '^  borrowed  current." 

The  I^resident: — T  quite  agree  that  it  is  not  desirable  to  per- 
mit customers  to  receive  this  wattless  power  for  nothing,  but  I  do 
not  agree  with  Mr.  Barstow  that  it  is  inherent  in  andan  essential  of 
the  alternating  system,  and  of  the  alternating  motors  to  overload 
the  station  in  starting  with  excessive  wattless  currents.  The 
wattless  currents  of  the  alternating  motor  especially  when  start- 
ing, are  largely  an  incident  due  to  the  neglect  of  the  station 
manager  to  guard  against  them.  It  depenis  entirely  upon  the 
motor  whether  excessive  wattless  currents  exist.  The  alterna- 
ting current  induction  motor  can  be  made  to  start  and  operate 
with  very  moderate  wattless  current,  Imt  then  it  becomes  slightly 
more  expensive,  and  consequently  if  the  station  does  not  exercise 
any  supervision  and  control,  the  customer  buys  the  cheapest 
motor,  and  the  manufacturer  of  motors  is  obliged  to  supply  it, 
and  such  a  motor  will  in  starting  take  three  or  four  and  more 
times  its  full  load  current.  This  rattier  unfortunate  feature  is 
responsible  for  much  of  the  trouble  with  excessive  wattless  cur- 
rents and  poor  regulation  in  alternating  motor  circuits. 

In  the  paper  on  "  Power  Factor  Indicators,"  by  Mr.  Browne, 
is  mentioned  a  way  of  charging  for  the  wattless  current  by  over- 
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eompenBatiiig  the  recording  meter.  I  had  some  experience  with 
that.  Quite  some  time  ago,  I  believe  in  1 894,  when  a  fairly  large 
system  was  changed  to  alternating,  a  large  factory  was  to  be 
operated  by  induction  moioi-s,  instead  of  the  continuous  cur- 
rent motors  used  before,  which  were  of  any  oidinary  kind. 
The  bills  for  power  with  the  induction  motors  were  found  very 
small  compared  with  those  for  the  continuous  current  motors, 
and  the  customer  was  willing  to  pay  for  the  wattless  current.  The 
manner  in  which  this  was  accomplished  was  by  inserting  in  the 
potential  circuit  of  the  recording  wattmeter  an  inductive  react- 
ance (instead  of  making  the  potential  circuit  as  non-inductive  as 
possible,  as  customary)  adjusted  so  as  to  charge  the  desired  per- 
centage of  wattless  current,  I  believe  25  per  cent.  In  this  case 
the  meter  read  high  at  highly  inductive  load,  right  at  non-induc- 
tive load  and  low  at  anti-inductive  load. 

As  an  objection  to  the  power  factor  indicator  there  has  been 
mentioned  the  error  due  to  the  current  in  the  potential  coil  lagging 
less  than  90^,  in  consequence  of  its  resistance.  This  objection 
has  been  overcome  by  dividing  this  current  again  into  oranch 
currents  displaced  from  each  other,  for  instance,  by  shunting  the 
potential  coil  by  non-inductive  resistance.  Hereby  the  potential 
current,  as  the  more  lagging  branch  current,  can  be  adjusted  to 
perfect  quadrature  with  the  main  e.  m.  f. 

Mh.  Haskins: — I  wish  to  remind  the  Institute  that  the  ques- 
tion of  charging  (in  the  meter)  for  idle  current  was  quite  tully 
discussed  before  the  I^STlTUTE  as  early  as  1^97,  at  Greenacre. 
I  think  it  was  the  sense  of  the  discussion,  that  it  was  highly 
desirable,  and  perhaps  feasible,  to  adopt  a  system  contemplating 
an  overcharge  (on  the  watt  basis)  for  inductive  loads. 

Pkesident  Steinmetz  : — 1  am  (juite  sure  there  is  a  good  deal 
more  to  be  said  on  the  question  of  meters,  and  that  manv  of  von 
can  give  us  a  good  deal  of  valuable  information — for  instance, 
Mr,  Dunn. 

Mr.  H.  W.  Buck  : — Referring  to  Mr.  Lincoln's  paper  on  the 
subject  of  the  synchronism  indicator,  I  have  seen  this  device 
in  operation  at  the  plant  of  the  Niagara  Falls  Power  Com- 
pany for  some  time,  and  from  a  practical  standpoint  1  think 
the  device  very  valuable,  in  the  old  days  of  small  alternators, 
where  the  inertia  of  the  revolving  armature  was  very  t^mall, 
almost  any  device  could  be  u^ed  as  a  synchronizer,  for  if  the 
armatures  were  not  in  strict  synchronism  when  paralleled,  it  took 
a  very  small  amount  of  electrical  power  to  jerk  the  armatures 
into  step,  so  to  speak,  but  with  the  large  direct  connected  alter- 
nators which  are  at  present  being  used,  the  amount  of  power  re- 
quired to  synchronize  the  machines  is  something  enormous,  and 
unless  the  machines  are  thrown  together  at  the  point  of  exact 
synchronism,  it  takes  a  very  large  amount  of  synchronizing  cur- 
rent, which  is  a  severe  electrical  shock  to  the  systenj,  and  a  very 
great  amount  of  mechanical  power,  which  is  a  great  strain  on  the 
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units.  So  that  much  more  accurate  methods  of  synchronizing 
are  at  present  demanded  than  formerly,  and  for  this  purpose 
this  synchronizer  wliich  has  been  described  is,  I  think,  the 
best  device  which  lias  as  yet  been  developed.  A  voltmeter  can 
be  used  as  a  synchronizer,  but  it  is  not  satisfactory,  for  the  reason 
that  the  low  readings  of  an  alternating  current  voltmeter  are  not 
at  all  accurate,  and  therefore  the  exact  moment  of  synchronism 
is  not  indicated,  and  the  error  is  very  considerable.  Another 
objection  to  the  use  of  a  voltmeter  is  that  the  amount  of  power 
which  operates  the  needle  of  the  voltmeter  is  limited,  and  it  can- 
not therefore  be  made  very  large.  Mr.  Lincoln's  synchronizer 
which  is  practically  an  alternating  current  motor,  can  be  made 
any  size,  so  that  the  needles  can  be  made  very  large  and  can  be 
seen  from  any  part  of  the  power  station,  which  is  certainly  very 
desirable.  When  alternators  are  thrown  in  parallel,  a  man  is 
almost  always  stationed  at  the  throttle  of  the  engine  or  at  the 
controller  of  the  water  gate,  so  it  is  very  desirable  to  have  an 
instrument  which  he  can  see,  so  as  to  adjust  his  admission  of 
power  as  the  machines  accelerate  or  retard,  and  this  function  is 
very  satisfactorily  met  by  the  instrument  which  Mr.  Lincoln  has 
described. 

Mr.  Gano  S.  Dunn: — President  Steinmetz  has  asked  me 
to  contribute  something  to  this  discussion,  which  I  am  loath  to 
do,  because  my  principal  interest  in  it  is  not  on  the  part  of  meters, 
but  is  developed  by  tne  remarks  of  Mr.  Barstow  in  regard  to  the 
wattless  or  borrowed  current,  in  central  stations.  My  contact 
with  such  work  has  been  in  comparing  the  starting  currents  of 
alternating  current  motors  witli  those  of  direct  current  motors, 
and  as  some  of  you  know,  my  work  is  with  the  direct  current  alto- 
gether. It  is  a  fact,  especially  where  motors  are  called  upon  for 
more  than  their  normal  torques,  that  the  borrowed  currents  are 
very  great.  I  have  been  unable  to  harmonize  the  amount  of  cur- 
rent that  the  manufacturers  claim  will  be  taken  in  induction 
motors  with  the  amount  of  current  that  it  is  actually  reported 
they  do  take.  For  instance,  certain  motors  with  which  I  am 
familiar  are  claimed  to  start  with  about  4.4  times  their  normal 
running  current,  whereas  the  testimony  of  the  station  men  that 
have  these  motors  running  on  their  circuits  is  that  they  take 
nearly  double  this  amount ;  and  practically  the  evidence  that  I 
have  is  that  the  induction  motor  starting  currents  are  normally 
verv  excessive.  As  Mr.  Barstow  pointed  out,  not  only  does  this 
make  a  service  delivered  by  the  station  that  is  not  paid  for,  but  it 
introduces  other  difficulties,  such  as  bad  regulation,  affecting 
lights,  neighboring  motors,  etc.,  which  are  very  serious,  and  1 
believe  that  it  is  true  to-day  that  these  large  starting  currents  and 
the  large  wattless  currents  necessary  to  secure  a  large  torque  are 
among  the  principal  things  that  are  impeding  the  development  of 
induction  motors,  and  any  improvement  that  would  remove  these 
impediments  would  see  the  induction  motor  far  ahead  of  where 
it  is  now. 
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Mb.  Ralph  D.  Mershon  : — I  cannot  agree  that  it  is  net-essarj  to 
have  an  excessive  starting  current  in  the  induction  motor.  There 
is  no  reason  why  the  excess  of  current  over  that  of  the  direct 
current  motor  sliouid  be  more  than  10  per  cent,  if  that,  and  there 
is  no  reason  that  I  see  wliv  there  should  be  any  limit,  within 
reason,  to  the  starting  torque  of  the  induction  motor.  The  motor 
having  the  objectionable  qualities  mentioned  by  the  gentlemen 
who  have  spoken,  is  the  motor  with  the  closed  circuit  secondary. 
It  is  true  such  a  motor  dues  start  with  a  large  current,  the  amount 
of  current  depending  upon  the  torque  required,  but  if  a  motor  of 
that  sort  is  installed,  it  is  installed  because  of  the  desire  for  the 
simplicity  and  the  reliability  that  such  a  motor  gives,  and  part  of 
the  price  you  have  to  pay  for  that  is  a  larger  starting  current 
than  would  be  taken  by  a  direct  current  motor.  If  on  the  other 
hand  there  be  installed  a  motor  without  the  closed  coil  secondary 
and  with  slip  rings  enabling  one  to  introduce  into  the  secondary 
at  starting  a  resistance,  then  the  motor  may  be  started  in  a  man- 
ner and  with  a  result  very  similar  to  that  of  a  direct  current 
motor. 

The  regulation  of  the  system  when  a  motor  is  started  with 
resistance  in  its  secondary,  should  be  just  about  as  good  as  with 
the  direct  current  motor.  A  motor  starting  under  those  condi- 
tions will  have,  it  is  true,  a  power  factor  somewhat  less  than 
unity,  but  the  difference  is  too  small  to  be  of  consequence.  As 
regards  the  regulation  of  the  supply  system  after  the  motor  has 
begun  to  run  and  carry  load,  I  think  you  will  find — in  fact  I 
know  you  will  And — that  the  variation  in  voltage  will  be  less  as 
the  load  on  the  motor  varies  than  it  will  be  with  the  direct  cur- 
rent motor. 

It  does  not  seem  to  me  that  you  can  charge  for  wattless  current. 
The  customer  is  paying  for  power  and  ouglit  to  be  charged  only 
for  power.  The  difference  which  the  wattless  current  will  make 
as  regards  the  capacity  of  your  generating  station  is  not  so  great 
as  it  is  ordinarily  thought  to  be.  The  motor  load  is  generally  a 
comparatively  small  proportion  of  the  total  output  of  the  station 
at  the  time  when  the  lighting  load  is  heavy.  At  the  time  when 
the  lighting  load  is  light  the  motor  load  is  even  then,  in  general, 
considerabh'  less  than  the  total  output  of  which  the  station  can 
take  care.  When  the  lighting  load  is  heavy,  the  lighting  load  itself 
brings  the  power  factor  of  tne  system  up  to  a  very  considerable 
figure,  so  that  the  sacrifice  as  far  as  capacity  is  concerned  is  com 
paratively  small.  But  suppose  you  make  an  objection  to  that 
sacrifice  in  capacity,  small  as  it  may  be— what  are  you  going  to 
do  about  it  ?  Are  you  going  to  supply  power  by  direct  instead 
of  alternating  current?  If  you  undertake  this,  under  most  con- 
ditions,  the  extra  apparatus,  extra  care,  extra  operating  expense 
and  extra  maintenance,  to  supply  direct  current  power,  will  more 
than  overbalance  the  interest  on  the  investment  for  the  increased 
capacity  which  would  be  required  in  your  generating  station  by 
reason  of  a  power  factor  somewhat  less  than  unity. 
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Mr.  C.  F.  Scott  : — Tn  the  present  somewhat  random  discus- 
s  on  several  statements  have  been  made  concerning  the  induction 
motor.  The  "squirrel  cage"  form  of  secondary  winding  has 
been  suggested  as  the  cause"  of  more  or  less  of  the  troubles  which 
come  to  the  central  station  man.  It  has  been  asserted  that  a 
certain  motor  requires  between  eight  and  nine  times  the  full  load 
current  for  starting.  One  would  hardly  be  justified  in  conclud- 
ina:  from  this  statement  that  all  induction  motors  under  all  con- 
ditions require  a  starting  current  in  accordance  with  the  figures 
reported.  Was  the  motor  referred  to  one  which  can  properly  be 
taken  as  a  type  or  representative  of  all  induction  motors?  Was 
it  operated  under  normal  and  proper  conditions?  Were  the 
starting  devices  properly  need  ?  What  whs  the  torque  actually 
developed  ?  The  statement  standing  by  itself  gives  no  more 
valuable  information  than  would  the  assertion  that  a  direct  cur- 
rent motor  may  be  started  in  such  a  way  as  to  take  an  initial  cur- 
rent ten  or  twenty  times  its  full  load  current. 

In  the  preceding  discussion  it  has  been  implied  that  the  start- 
ing current  of  an  induction,  motor  considerably  augments  the 
amount  of  power  required  and  the  resulting  meter  readings.  It 
should  be  evident,  however,  that  an  ordinary  constant  speed 
motor  requires  but  a  few  seconds  for  starting,  so  that  the  total 
energy  taken  during  a  day's  run  will  be  scarcely  affected  whether 
the  motor  requires  its  full  load  current  or  ten  times  that  current 
for  a  few  seconds  in  starting. 

The  general  term  "induction  motor"  as  was  pointed  out  bv 
the  last  speaker,  covers  the  two  varieties  of  motor,  the  one  with 
a  short-circuited  or  a  "squirrel  cage  "  winding  and  the  other  with 
an  adjustable  secondary  resistance,  the  latter  permitting  the  lower 
starting  current,  but  having  the  disadvantage  of  being  more  com- 
plicated in  construction.  What  the  last  speaker  pointed  out 
18  worthy  of  being  emphasized,  that  the  mere  point  of  starting 
current  is  not  the  whole  criterion  by  which  a  motor  is  to  be 
judged.  Its  construction,  its  simplicity  in  operation,  its  non- 
liability to  get  into  trouble,  its  behavior  under  extreme  and 
emergency  conditions— all  these  things  are  points  that  should  be 
taken  into  consideration  in  the  broad  study  of  the  performance 
of  a  motor. 

W^ith  respect  to  the  expense  of  running  motors  it  may  be  noted 
that  the  items  of  cost  of  direct  current  motors  and  of  alternating 
motors  are  not  of  the  same  kind.  If  we  grant  that  the  induction 
motor  on  account  of  its  magnetizing  curn^nt  or  other  reasons  may 
on  the  whole  require  a  greater  first  investment,  yet  on  the  other 
hand  the  cost  of  maintenance  of  commutator  and  brushes  of  the 
direct  current  motor,  the  greater  expense  incurred  for  main- 
tenance and  for  repairs,  necessitated  by  wear  or  accident  will  in 
general  far  more  tuan  offset  any  additional  first  investment  which 
might  l)C  required  for  installing  induction  motors. 
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Mr.  Dunn  : — The  topics  that  we  are  discasaing  are  meters  and 
power  factor  indicators,  and  when  I  made  mj  first  remarks  I 
announced  that  it  was  with  hesitation,  because  they  tended  to- 
ward the  subject  of  the  relative  valnes  of  direct  and  alternating 
current  motors.  Mr.  Mershon,  and  also  Mr.  Scott,  have  made  a 
number  of  statements,  that  I  feel  compelled  to  deny,  but  I  do 
not  feel  that  this  is  the  proper  time  or  place  to  discuss  them,  and 
therefore  I  wish  to  remark  that  I  do  not  accept  their  conclusions, 
and  tile  an  application  to  discuss  the  subject  at  some  other  time 
with  those  gentlemen,  if  I  may  have  the  privilege. 

Thb  President: — I  do  not  think  we  are  so  far  out  of  the  wry 
in  discussing  somewhat  in  connection  with  to-day's  topics  the 
question  as  to  whether  the  induction  motor  gives  rise  to  excessive 
currents  or  not,  because  when  discussing  power  factor  indicators 
the  first  and  most  important  question  to  determine  is,  whether 
such  instruments  are  necessary  at  all.  If  the  power  factor 
is  sufficiently  close  to  unity,  so  that  it  does  not  need  to  be  con- 
sidered, and  if  the  excessive  wattless  currents  are  harmless,  if  ex- 
isting only  for  a  short  time,  then  we  do  not  need  a  power  factor 
meter.  So  it  is  quite  desirable  to  consider,  whether  conditions 
exist  in  alternating  current  systems  which  should  be  guarded 
against  by  a  power  factor  meter ;  and  it  stems  there  is  a  disagree- 
ment of  opinion  in  this  matter.  According  to  Mr. Mershon  and  Mr. 
Scott,  there  is  no  need  of  a  power  factor  meter,  because  the  power 
factor  is  usually  high  enough,  and  where  it  is  not  high  enougli,  it 
is  low  for  a  short  time  only,  and  it  would  do  no  harm ;  and  even 
if  it  is  always  low,  the  regulation  of  the  system  is  good  enough. 
Mr.  Dunn,  however,  contends  that  the  induction  motor  is  vicious 
in  the  current  it  takes ;  and  you  have  to  put  in  some  instrument 
to  make  the  customer  pay  for  the  excessive  current.  Personally 
I  am  really  somewhat  inclined  to  tlie  opinion  of  Mr.  Mershon^ 
that  the  induction  motor  can  be  built  so  that  it  will  require  no 
excessive  current  in  starting,  although  I  would  enlarge  upon  Mr. 
Mershon's  statement  by  saying  that  that  does  not  necessarily  im- 
ply sliding  rings,  or  collector  rings,  but  the  starting  rheostat  can 
be  carried  by  the  revolving  motor  armature,  together  with  its 
operating  switch,  which  may  either  be  automatic  (centrifugal)  or 
hand  control. 

The  cliamcteristics  of  the  induction  motor  form  one  of  the 
topics  of  tomorrow's  program,  and  since  we  have  some  time  to 
spare  to-day,  but  will  probably  l)e  crowded  for  time  to-morrow, 
I  see  no  objection  to  anticipate  this  part  of  tomorrow's  program. 
Therefore,  I  think  it  quite  desirable  that  Mr.  Dunn  should  make 
his  statement  opposing  the  statements  preceding  his  lastremarks. 
While,  as  stated,  the  induction  motor  may  be  made  so  as  not  to 
require  excessive  current  in  starting,  that  is,  to  start  with  not 
more  than  full  load  current,  when  giving  full  load  starting  torque^ 
this  performance  is  not  up  to  the  continuous  current  motor,  where 
a  heavy  starting  torque  is  required.     Under  conditions  where 
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good  regulation  of  the  system  is  needed,  with  frequent  starting, 
as  in  our  larger  cities  iFor  elevator  service,  continuous  current 
motors  have  been  built  for  years,  which  give  a  starting  torque 
exceeding  full  load  torque,  while  consuming  less  than  full  load 
current,  and  no  induction  motor  has  over  done  that,  nor  ever  will. 

I  will  call  on  Mr.  Dunn  to  supplement  his  statement. 

Mr.  Dunn: — There  is  a  tendency  to  force  an  antagonism  be- 
tween direct  current  and  induction  motors  which  I  wish  to  de- 
precate. But  the  statement  often  male  that  for  all  purposes 
mduction  motors  are  more  satisfactory  than  direct  current  motors 
I  most  formally  and  emphatically  challenge.  I  yield  to  the  in- 
duction motors  the  credit  for  their  splendid  properties,  their 
simplicity  and  the  fact  that  where  our  great  systems  of  to-day  are 
becoming  systems  of  high  tension  transmission  and  low-tension 
distribution, they  often  offer  advantages  that  direct  current  motors 
do  not.  But  the  question  of  starting  current  is  only  one  of  the 
objections  to  induction  motors,  there  are  a  number  of  others.  If 
the  statement  I  have  mentioned  could  be  maintained,  it  would 
mean  that  induction  motors  are  as  subject  to  speed  control,  that 
they  are  as  efficient  at  all  loads  and  that  they  are  as  capable  of 
exerting  torque  as  are  direct  current  motor.-s,  also  that  their  main- 
tenance is  so  much  lower  that  the  saving  in  their  operation  in 
the  long  run  more  than  pays  for  their  greater  first  cost.  Now, 
as  I  look  back  over  these  claims  there  is  not  one  of  them  that  I 
am  not  willing  to  combat. 

This  is  the  declaration  that  the  President  desired  me  to  make. 

Mb.  Meeshon: — The  gentleman  has  said  some  things  imply- 
ing that  a  claim  had  been  made  to  a  greater  suitability  of  the  in- 
duction motor  for  all  kinds  of  work.  I  do  not  think  a  statement 
of  that  sort  has  been  made  thus  far.  There  are  unquestionably 
conditions  in  the  present  state  of  the  art  under  which  a  series 
direct  current  motor  may  be  used  more  advantageously  than  the 
induction  motor.  I  do  not  at  this  time  recall  any  condition 
under  which  I  would  admit  that  the  direct  current  shunt  motor 
can  meet  the  requirements  better  than  the  induction  motor,  un- 
less it  may  be  one  where  the  voltage  of  the  generator  is  controlled 
in  order  to  control  the  speed  of  the  motor. 

As  regards  some  of  the  special  uses  where  the   series  motor 

fives  better  results,  such  as  elevator  work,  as  referred  to  by  our 
Vesident,  under  some  conditions  the  series  motor  is  very  greatly 
better,  but  even  in  the  case  cited  I  will  not  agree  with  his  state- 
ment in  its  full  strength.  I  should  want  to  dilute  it  a  little  bit. 
In  shop  equipment,  there  are  some  conditions  where  direct  cur- 
rent is  more  advantasjeously  used  than  the  alternating ;  and  in 
that  line  of  work  I  might  add  an  exception  to  that  I  mentioned 
a  while  ago  where  the  direct  cuiTcnt  shunt  motor  might  be  more 
advantageously  used  than  the  induction  motor.  It  is  that  where 
a  number  of  voltages  are  made  available  bo  that  the  shunt  motor 
may  be  operated  at  any  one  of  a  number  of  speeds  but  at  any 
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one  speed  will  act  aR  a  constant  speed  motor.  Th')  cases  where 
the  equipment  necessary  for  snch  service  is  justiiied  are,  I  think, 
few. 

As  regards  the  question  of  first  cost,  the  induction  motor  is 
more  expensive  than  the  direct  current  motor.  With  regard  to 
the  question  of  maintenance,  durability,  care  of  operation,  I  will 
put  the  induction  motor  before  the  constant  current  shunt  motor 
every  time,  no  matter  what  the  service  is.  I  have  seen  them 
operate  and  continue  to  do  so  under  the  most  extreme  conditions, 
receiving  abuse  under  which  the  direct  cui-rent  motor  could  not 
exist.  I  have  seen  them  in  use  in  stamp  mills,  with  absolutely 
no  protection,  with  quartz  dust  falling  in  every  direction,  quartz 
dust  getting  into  bearings  and  windings,  and,  by  the  way,  the 
motors  of  the  case  of  which  I  am  speaking,  the  worst  case  that 
I  know  of,  were  motors  with  collector  rings,  and  the  collector 
rings  were  being  continually  cut  by  the  quartz  dust.  These 
motors  were  on  roundations  which  were  not  worthy  of  the  name, 
and  overloaded  to  the  point  where  it  would  seem  as  though  they 
must  burn  out  every  minute.  I  do  not  think  there  is  any  ques- 
tion as  to  which  motor  is  the  more  durable  and  which  will  give 
the  less  trouble  and  cost  the  less  for  maintenance 

Me.  Dunn: — Wes  ein  to  be  taking  specific  cases,  which  are 
easier  to  discuss.  I  understood  Mr.  Mersnon  to  say  that  except- 
ing the  conditions  of  speed  control  obtained  by  varying  the  volt- 
age of  the  generator,  he  knew  of  no  one  point  in  which  the  in- 
duction motor  was  not  superior  to  the  shunt  wound  direct  current 
motor.  Let  us  assume,  for  the  moment,  that  this  control  is  not 
an  important  feature  and  pass  to  the  other  points.  I  have  been 
going  over  in  my  mind  some  data  of  a  certain  size  of  direct 
current  motor  on  which  I  personally  made  some  tests  with  induc- 
tion motor  comparisons  in  view,'  and  1  do  not  see  how,  if  Mr. 
Mershon  an-l  I  accept  the  same  data,  his  statement  can  stand. 
For  instance,  in  regard  to  the  starting  torque.  The  starting 
torque  claimed  by  one  of  our  manufacturing  companies  for  its 
induction  motor  of  the  same  size  as  the  direct  current  motor  that 
I  have  tested,  is  2.2  times  the  normal  torque.  The  corresponding 
direct  current  shunt  motor  I  started  with  6.4  times  its  normal  torque. 
The  starting  current  for  this  same  induction  motor  is  claimed 
to  be  4.4  times  the  normal  running  current.  The  direct  current 
shunr  motor  required  for  the  same  torque  only  2.4  times  normal 
running:  current.  The  eflSciency  of  the  direct  current  motor  was 
higher  at  full  load  than  that  of  the  induction  motor,  and  at  over- 
load vastly  higher.  The  direct  current  motor  hung  on  to  its  work 
and  did  not  stall  until  it  was  loaded  to  6.4  times  nornial  torque. 
The  induction  motor  fell  out  and  gave  up  the  tight  at  about  2.7 
times  normnl  torque.  [See  page  336,  discussion  communicated 
after  adjournment.] 

With  regard  to  the  motors  that  worked  so  well  in  quartz 
dust,  which  Mr.  Mershon  cited  as  a  remarkable  fact.     1  have  had 
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direct  cuireDt  motors,  a  whole  plant  of  them,  working  for  a  long 
time,  in  graphite  duet,  and  some  of  them  in  places  where  the 
graphite  settled  1/32  of  an  inch  over  night,  and  this  plant  is 
giving  entire  satisfaction.  The  only  trouble  that  has  been  ex- 
perienced has  been,  not  at  the  commutator,  but  at  the  rocker 
arms,  and  has  been  due  to  slightly  faulty  insulation  where  the 
brush  studs  went  through;  an  easily  corrected  trouble.  J4ow,  I 
am  of  the  opinion  that  when  it  comes  to  a  question  of  -  dust,  the 
direct  current  motor  is  ahead  of  the  induction  motor  on  account 
of  its  larger  air-gap.  I  have  known  cases  where  induction  motors 
have  stalled  from  running  in  dusty  places  because  of  their  small 
air-gaps  filling  up  with  dust  and  causing  them  to  jam,  and,  con- 
trary to  the  general  opinion,  it  is  impossible  completely  to  encase 
the  induction  motor,  because  the  sacrifice  of  capacity  is  then  too 
great. 

One  would  be  inclined  to  think  that  induction  motors  were 
free  from  troubles,  but  they  have  troubles  of  their  own  that  the 
direct  current  motors  do  not  experience. 

With  regard  to  the  question  of  maintenance,  it  is  very  difficult 
to  get  accurate  figures,  because  in  this  country  the  plants  in  which 
motors  are  installed  are  usually  so  anxious  to  get  their  motors 
running  and  turn  out  their  work  that  they  have  no  systematic 
means  of  keeping  account  of  the  maintenance  expenses.  But  I 
would  say  that  most  of  the  figures  given  for  the  maintenance  of 
direct  current  motors  are  taken  from  records  that  have  been  kept 
for  a  number  of  years  past,  and  they  apply  to  the  older  and  im- 
perfect types  of  the  direct  motors  and  not  by  any  means  to  the 
perfected  modern  direct  current  motors  that  you  would  buy  if 
you  bought  them  to-day.  The  direct  current  motor  has  been 
progressing  without  attracting  attention,  and  it  has  been  pro- 
gressing in  many  ways  as  rapidly  as  the  induction  motor.  To- 
day the  commutator  troubles  of  the  direct  current  motors  of  the 
most  advanced  design  are  reduced  to  only  a  fraction  of  what  they 
were  a  few  years  ago.  If  you  are  comparing  induction  motors 
wif  h  direct  current  motors,  compare  to-day's  motors  of  each  type, 
and  do  not  compare  direct  current  motors  of  a  few  years  ago 
with  induction  motors  of  today. 

Now,  with  regard  to  the  feature  Mr.  Mershon  excepted,  namely, 
the  controllability  of  speed — this  is  not  a  small  matter  nor  one 
that  will  permit  being  excepted.  It  is  a  vastly  important  matter, 
and  as  far  as  the  equipment  of  machine-shops  goes,  I  consider  it  a 
deciding  matter,  because  machine  shops,  wherever  you  find  them, 
require  from  one-third  to  one  half  of  their  work  to  be  of  control- 
lable speed  character;  and  if  you  can  offer  a  motor  which,  without 
sacrificing  efliciency  or  stability  of  speed,  will  give  you  a  speed 
controllable  at  will  from  the  very  lowest  values  to  the  very  high- 
est, you  there  offer  an  advantage  enough  to  offset  the  advantages 
claimed  for  the  induction  motors;  and  to  cap  the  climax,  the 
direct  current  systems  are  considerably  less  expensive  because  of 
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the  smaller  capacities  required  in  the  motors  and  because  you  are 
not  at  the  neeessitv  of  providing  for  the  borrowed  current  which 
you  have  to  provide  for  in  the  wiring,  ^nerators,  instruments, 
etc.,  when  you  put  in  an  alternating  plant. 

Mb.  W.  S.  Barstow  : — When  I  started  this  discnssion  I  did 
not  realize  how  it  was  going  to  end.  From  the  central  station 
point  of  view  I  think  that  the  "  direct  alternating"  current  motors 
are  the  only  mo'ors  to  use.  There  was  one  matter  1  men- 
tioned before  that  1  might  perhaps  speak  of  a  little  further 
so  as  to  avoid  any  misunderstanding.  I  mentioned  the  fact  that 
from  the  central  station  point  of  view  it  might  be  a  good  thing 
if  there  was  some  way  of  the  station  receiving  returns  for  this 
borrowed  energy.  I  meant  that  more  in  the  lorin  of  a  psnalty. 
With  direct  current  motors  the  station  has  no  trouble,  because 
the  direct  current  motor  rapidly  reached  a  permanent  develop- 
ment and  has  been  in  use  for  m  my  years.  The  alternating  cur- 
rent motor  is  more  or  less  in  a  transitory  state.  We  find  in 
central  stations  that  many  of  the  customer?,  or  would-be  cus- 
tomers, buy  motors  second  hand  on  account  of  the  higher  cost  of 
the  new  alternating  current  motor  over  that  of  the  direct  current 
motor.  When  they  buy  these  motors  from  the  jobbor  it  is  almost 
impossible  for  the  central  station  to  carry  out  faithfully  the  speci- 
fications for  connecting  motors  to  the  system.  The  customer 
will  come  to  the  station  and  inform  you  that  he  has  already 
bought  a  motor.  You  investigate  and  find  out  that  it  is  an  old 
style  induction  motor  which  takes  a  large  amount  of  starting  cur- 
rent. You  have  g')t  to  take  either  one  of  two  positions.  You 
have  either  to  refuj^e  to  connect  the  motor  to  the  system, 
although  he  has  already  bought  it,  or  you  have  got  to  connect  it 
and  make  some  special  excuse  fot  so  doing.  That  is  the  com- 
mercial difficulty.  If  a  customer  notifies  the  company  that  he  is 
about  to  purchase  a  motor,  that  difficulty  is  easily  overcome,  as 
almost  all  central  stations  these  days  have  specificiitions  for  the 
connection  of  different  devices  to  the  system.  When  I  men- 
tioned the  fact  that  it  would  be  a  good  plan  to  secure  some 
return  for  the  wattless  current,  I  had  it  in  mind  as  a  penalty 
for  the  customer  who  bought  motors  of  a  cheap  or  antique  type 
and  who  still  persisted  in  trying  to  force  the  station  to  waive  its 
requirements  and  connect  him  to  the  system.  If  all  customers 
could  be  given  to  understand  that  even  if  they  were  connected 
they  could  save  money  by  buying  a  modern  motor  in  the  first 
place,  that  difficulty  would  be  removed  to  a  very  large  extent. 
But  where  tliey  can  appreciate  no  difference,  except  as  it  aids  the 
central  station,  they  often  absolutely  refuse  to  make  any  change; 
*  and,  as  I  say,  the  station  has  the  choice  of  violating  their  own 
requirements  or  of  fiatly  refusing  to  connect  the  customer. 

Mb.  Mbrshon  : — In  regard  to  the  question  of  absolute  cost 
in  the  installation  of  the  direct  or  the  alternating  current  motor, 
I  do  not  want  to  go  into  that  subject  at  all.     I  will  say,  however, 
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that  in  a  great  maDy  cases,  I  think  in  most  cases,  the  advantage 
to  be  gained  by  the  use  of  the  alternating  current  motor  justifies 
paying  some  more  for  it.     I  won't  eay  how  much. 

ilr.  Dunn  spoke  of  two  motors  which  he  compared,  one  pre- 
sumably a  commercial  alterruiting  current  motor;  another  pre- 
sumably a  direct  current  shunt  motor.  Whether  it  was  a  standard 
one  or  not,  I  do  not  know.  What  was  the  temperature  rating  of 
that  motor,  Mr.  Dunn  ? 

Mr.  Dunn  : — The  other  motor  was  a  standard  motor  taken 
directly  ont  of  the  storeroom,  witli  no  change  or  modification 
made  whatever. 

Mr.  Mersiion  : — What  was  the  temperature  rating? 

Mr.  Dcnn: — Forty  degrees,  centigrade  rise,  under  continuous 
load. 

Mr.  Mershon  : — As  regards  the  question  of  efficiency  ;  in  this 
particular  case  that  Mr.  Dunn  cites,  the  efficiency  was  greater  in 
the  case  of  the  direct  current  motor.  That  is  not  very  surprising. 
If  yon  compare  the  direct  current  motor  lists  of  different  manu- 
facturers, one  of  whom  makes  presumably  just  as  good  a  motor  as 
the  other,  yon  will  find  that  the  eflSciencies  of  one  list  will  be  the 
higher  for  some  sizes  of  motors,  and  the  lower  for  the  other  sizes. 
This  will  be  true  also  with  the  alternating  current  motors,  and 
it  may  have  been  in  this  case  that  Mr.  Dunn  unwittingly  com- 
pared a  comparatively  hitrh  effiriency  direct  current  motor  with 
a  comparatively  low  efficiency  alternating  current  motor. 

The  motor  to  which  Mr.  Dunn  referred  was  evidently  a  motor 
with  a  closed  coil  secondary,  a  "squirrel  cage"  winding.  For 
the  service  contemplated  for  this  motor  in  which.it  was  to  give 
six  times  its  full  load  tor(]ue,  the  motor  was  not  the  right  one. 
It  should  have  been  a  motor  with  rheostatic  control.  As  regards 
the  question  of  six  times  full  load  torque,  where  such  is  necessary 
— it  is  not  necessary  in  many  cases, — but  where  such  is  neces- 
sary, it  can  be  obtained  with  the  alternating  current  motor.  The 
accessory  apparatus  for  obtaining  it  would  be  more  or  less 
special,  it  is  true,  but  I  think-  most  of  you  will  agree  that  the  re- 
quirement of  six  times  full  load  torque  in  a  constant  speed  direct 
current  motor  is  a  more  or  less  special  condition,  and  that  it  would 
require  accessory  apparatus  which  would  be  more  or  less  special. 
You  certainly  would  not  use  the  same  mechanism  in  the  case  of 
a  motor  which  was  to  start  with  six  times  its  full  load  torque,  as 
you  would  with  a  motor  which  was  to  start  with  full  load  torque, 
or  IJ  times  full  load  torque. 

As  regards  the  specific  instance  which  I  cited  of  an  induction 
motor  running  in  a  stamp  mill  and  subjected  to  quartz  dust,  it 
was  stated  that  it  ran  under  conditions  under  which  a  direct  cur- 
rent motor  would  have  fallen  down.  This  statement  involves^ 
of  course,  the  element  of  personal  opinion,  but,  as  a  matter  of 
fact,  the  conditions  under  which  those  induction  motors  were 
running,  with  no  attendance— for  they  had  none,  absolutely  none 
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— were  such  as  no  direct  current  motor  could  have  withstood. 
As  far  as  the  graphite  factory  is  concerned,  I  do  not  know  the 
quality  of  the  graphite,  but  it  seems  to  me  tliat  good  graphite 
would  cause  no  injury  to  an  induction  motor,  on  the  contrary  it 
might  aid  in  the  matter  of  lubrication,  whereas  the  quartz  mill 
would  not  be  a  very  nice  place  for  any  kind  of  a  motor.  I  do 
not  think  there  can  be  any  question  about  it,  that  the  chances  for 
trouble  in  the  case  of  a  sliding  contact,  where  you  have  simply  a 
slip  ring,  are  very  mnch  less  than  in  the  case  of  a  commutator 
wnere  the  contact  is  continnally  changing,  and  l>y  reason  of  which 
change  there  is  continual  chance  of  trouble. 

The  Pbesident  :— The  discussion  has  drifted  toward  the  rela- 
tive merits  of  the  continuous  and  the  alternating  current  motor, 
and  both  sides  have  been  very  ably  represented  ;  yet  it  seems  to 
me  that  neither  of  the  two  sides  has  been  able  to  prove  that 
either  type  of  motor  is  universally  superior,  but  that  both  have 
their  good  features,  in  some  instances  one  being  preferable,  and 
in  some  instances  tlie  other;  for  instance, when  running  in  an  oil 
refinery  or  a  powder  mill,  use  the  induction  motor,  and  when  run- 
ning a  railway,  as  a  rule  use  the  continuous  current  series  motor. 
Between  these  two  extremes  there  is  an  enormous  range  of  con- 
ditions where  each  motor  can  find  its  place. 

But  there  is  one  point  which  Mr.  Barstow  b*  ought  out,  that  these 
specificati  ns  should  be  made,  to  guard  against  the  use  of  any 
inferior  motor,  and  to  secure  a  motor  suitable  to  the  conditions. 
The  ordinary  motor  is  very  suitable  to  drive  a  mill  or  factory, 
but  in  a  close  regulating  alternating  system  it  is  not  always  de- 
sirable. Specifications  regarding  motors  have  been  made  in  con- 
tinuous current  systems— and  I  could  tell  a  tale  about  them, 
at  the  time  when  I  was  connected  with  electric  elevator  motor 
design,  and  we  had  to  develop  a  constant  speed  motor  giving 
more  than  full  load  starting  torque  with  less  than  full  load  current. 
We  produced  this  by  adding  a  powerful  series  field,  which  took 
tlie  part  of  the  starting  rheostat,  and  in  startins:  was  gradually  and 
in  sections  cut  out.  But  I  am  sorry  to  say  that  in  the  alternating 
current  systems  such  specifications  have  not  always  been  main- 
tained, and  alternating  current  motors  have  been  installed  of  a 
type  which  should  not  be  installed,  and  it  is  for  that  reason  that 
a  discussion  such  as  this  as  to  the  relative  merits  and  demerits  of 
the  two  types  of  motor  is  very  useful,  by  drawing  our  attention 
to  the  necessity  of  considering  the  matter,  not  as  a  thing  by  it- 
self,  but  as  a  part  of  the  system,  and  to  be  chosen  to  suit  the  re- 
maining part  of  the  system,  and  not  to  be  chosen  at  random 
from  the  infinite  variety  of  types  available  on  the  market. 

There  seems  to  me,  therefore,  some  reason  to  assume  that  the 
question  of  power  factor  is  important,  and  that  power  factor 
meters  are  or  use  and  value.  Thus  we  come  back  to  the  discus- 
sion of  meters  ;  and  as  Mr.  llering  has  given  this  matter  quite  a 
good  deal  of  attention,  I  should  like  to  hear  from  him  about 
meters  and  his  experience  with  them. 
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Mb.  IIering  :— I  am  sorry  to  say  that  I  -cannot  contribute  any- 
thin^  new  to  the  discussion  of  the  subject  of  meters.  I  am  glad 
to  see  that  the  value  of  wattless  current  indicators  is  beginning 
to  be  recognized,  as  I  think  they  are  very  important  instruments. 
Eegulation,  especially  of  rotary  converters,  and  other  desirable 
results  can  be  obtained  by  a  suitable  wattless  current  indicator^ 
more  directly  and  with  less  difficulty  than  with  only  the  usual 
instruments  from  the  readings  of  which  the  wattless  current  can 
be  obtained  only  by  calculation. 

If  I  may  be  permitted,  for  a  moment,  to  go  back  to  the  other 
part  of  the  discussion,  however,  1  would  like  to  cite  a  ease  which  is 
of  interest  concerning  the  starting  torque  of  induction  motors.  I 
had  the  pleasure  last  year  of  taking  a  ride  on  a  three-phase  rail- 
road in  Switzerland,  the  only  one  which  is  run  under  steam  rail- 
road conditions.  The  cars  were  all  of  the  large  steam  railroad 
type,  and  there  were  about  three  or  four  cars  to  a  train.  I  refer 
to  the  Burgdorf-Thun  Railway.  1  rode  with  the  motorman, 
reading  the  ammeter  as  he  started  the  train,  and  noticed  that  he 
seemed  to  cut  out  the  starting  resistance  of  the  induction  motors 
BO  as  to  keeb  the  starting  current  about  double  the  normal  and 
no  more.i  The  ammeter  seemed  to  be  his  guide  in  handling  the 
controller.  The  train  was  therefore  started  with  no  more  than 
double  the  normal  running  current,  which  I  think  is  a  very  good 
result.  To  be  sure,  the  train  did  not  start  so  suddenly  that  the 
people  were  jerked  off  their  seats  and  had  to  expend  a  lot  of 
energy  in  keeping  their  places,  but  1  think  that  is  an  advantage 
rather  than  otherwise. 

Mr.  M ailloux  : — I  would  like  to  state,  exactly  on  that  same 
point,  that  Mr.  Arnold  and  1  were  on  the  same  road  either  a  day 
or  two  before  or  after  Mr.  Hering;  but  the  motorman  may  not 
have  been  so  careful,  because  I  noticed  that  the  motor  did  not 
start  with  quite  the  regularity  and  uniformity  that  Mr.  Hering 
speaks  of.  The  motorman  did  not  know  that  we  were  observing 
an  ampere-meter  which  was  at  the  other  end  of  the  car  and 
which  gave  all  the  readings;  and  these  readings  fluctuated  quite 
considerably.  My  impression  is  that  the  starting  current  was 
much  more  than  twice  the  running  load. 

1.  ^^iDce  the  above  discussion  took  place  I  found  a  published  Ftntemcnt 
accordiDg  lo  which  the  current  is  even  less  than  what  I  had  noticed.  In 
Engineering  (London),  November  1.  1901,  p.  686  there  is  a  communication  by 
Brown,  Boveri  &  Co.  (who  designed  and  constructed  ihat  road),  in  which  the 
following  statement  occurs:  **As  regaids  the  simple  n  sistance  control,  this  i» 
not  nearly  such  a  bad  system  as  some  people  would  lilie  to  make  out:  it  may 
be  of  interest  to  your  readers  to  hear  in  this  connection  thst  on  the  Burgdorf- 
Thun  line  we  start  heavy  trains  on  the  level,  with  an  acceleration  as  high  as  1| 
feet  per  second  per  second,  without  taking  tnore  current  from  the  line  than  the 
normal  current."  The  italics  are  mine.  I  now  recall  that  when  I  made  my 
observations  the  train  was  ascending  the  gradual  rise  on  the  southern  part  of 
the  line,  which  accounts  for  that  larger  starting  current.—  C.  H. 
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I  do  not  quite  agree  with  Mr.  Mershon  as  to  the  unfaimees  of 
charging  the  customer  what  Mr.  Barstow  has  so  aptly  termed  a 
"penalty"  for  the  abuse  of  the  current  or  because  it  is  used 
under  improper  conditions.  The  fact  is  that  a  penalty  system  is 
already  in  use  regularly  in  most  central  stations.  We  have  nega- 
tive penalties  in  the  various  forms  of  extra  discounts  which  are 
given  to  customers  who  use  current  during  the  day  time.  The 
man  who  uses  it  only  at  night  pays  more  in  many  cases.  The 
man  who  uses  more  per  lamp  or  per  month  also  gets  an  extra 
discount,  so  that  the  man  who  does  not,  is  really  paying  a  penalty. 
It  seems  to  me  that  the  plant  is  subjected  to  the  abuse  of  extra 
generating  capacity,  so  to  speak,  by  the  party  who  puts  an  extra 
wattless  power  demand  on  the  line,  and  it  ought  to  be  paid  for 
just  as  much  as  the  failure  of  the  customer  to  raise  the  load 
lactor  of  the  station  is  susceptible  of  a  penalty  and  is  usually 
taxed  by  an  extra  charge.  I  have  had  some  practical  experience 
with  cases  showing  the  necessity  of  power  factor  indicators  and 
also  of  a  penalty  for  introducing  excessive  wattless  current.  One 
was  a  small  plant  of  somewhere  between  150  and  200  k.  w., 
which  for  convenience,  owing  to  the  distance  of  distribution, 
used  alternating  current  at  about  2000  volts.  The  service  was  a 
mixed  one,  including  lighting  and  power ;  at  times  mostly  light- 
ing and  at  other  times  mostly  power.  There  was  one  customer 
who  used  about  75  h.  p.  in  motors  of  two  or  three  sizes,  and 
although  the  motors  were  to  be  run  only  or  mostly  during  the 
day  at  a  time  when  there  was  very  little  or  no  lighting  load,  yet 
it  would  occur  repeatedly  that  the  starting:  of  one  30  or  40  h.  p. 
induction  motor  would  not  only  stall  the  line  but  actually  blow 
the  fuses  at  the  station.  This  typities  and  illustrates  the  necessity 
and  the  equity  of  a  penalty  for  an  excessive  wattless  current. 
These  motors  were,  I  understand,  of  the  very  kind  which  are  said  to 
take  the  least  current,  owing  to  the  fact  that  they  have  slip  rings  and 
internal  resistanoe,  or  a  variable  armature  resistance.  They  may 
have  been  greatly  improved  in  tlie  three  or  four  years  which  have 
elapsed  since;  but  the  fact  remains  that  oftentimes  the  starting  of  a 
40  H.  p.  motor  has  thrown  wattless  current  enough  on  the  line  to 
blow  the  fuses  of  a  150  or  175  k.  w.  unit;  and  this  occurred  so 
repeatedly  that  finally  the  system  had  to  be  abandoned  and  direct 
current  had  to  he  introduced  instead.  I  have  also  seen  many 
cases  of  installations,  even  on  a  very  large  scale,  of  plants  having 
as  much  as  a  total  of  2500  h.  p.,  where  the  use  of  the  alter- 
nating current  was  entirely  inadmissible,  although  the  units  in 
service  were  large,  tlie  average  size  of  motor  being  somewhere 
between  25  ana  35  h.  p.,  the  reason  being,  simply,  that  they 
could  not  obtain  that  variation  and  regulation  of  speed  which  is 
essential  in  most  cases  where  power  is  applied  on  an  extensive 
scale  in  factories  and  for  industrial  purposes.  There  was  a  very 
interesting  discussion  on  this  very  matter  just  about  one  year  ago 
at  Paris  in  the  joint  meeting  of  this  Institute  and  the  Institution 
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of  Electrical  Engineers  of  Great  Britain,  in  wiiich  miiny  repre- 
sentative men  of  both  countries  present  took  part.  T  think  the 
conclusions  drawn  from  that  discussion  were  to  the  effect  that 
there  is  no  one  system  which  is  applicable  to  all  cases,  that  the 
non-synchronous  motor, or  induction  motor, has  a  sphere  of  utility 
quite  its  own,  in  which  it  is  preferable.  Of  both  it  may  be  said 
tnat  there  are  uses  where  cost  is  not  the  independent  variable  ; 
where  there  are  other  things  which  are  of  stronger  import  than 
the  cost.  So  that,  if  we  are  going  to  compare  motors  and  aie 
going  to  compare  them  on  the  score  of  cost,  we  should  take  cases 
m  which  cost  is  the  independent  variable.  If  we  are  going  to 
compare  them  in  cases  where  absolute  safety  is  the  prerequisite, 
such  as  in  the  case  of  a  powder  njill,  cited  by  our  honored  Presi- 
dent, then  of  course  we  have  another  condition,  where  cost  is 
entirely  out  of  the  question,  where  safety  must  be  had  at  any 
cost  and  under  any  circ!urastances,  a  case  in  which  the  bare  possi- 
bility of  a  spark  from  a  commutator  is  a  reason  for  excluding,  of 
itself,  all  thought  of  anything  but  the  induction  motor.  Those 
may  be  said  to  be  cases  which  are  entirely  sui  generis  ;  as  such 
they  call  for  specific  treatment.  I  am  entirely  disinterested;  I 
have  made  interesting  and  useful  ifistallations  with  both  systetms. 
1  love  to  apply  each  system  to  that  purpose  for  which  it  is  best 
suited,  as  I  think  every  conscientious  engineer  does  and  should  ; 
but  I  do  not  like  to  see  a  spirit  of  partisanship  induce  one  to 
compare  things  which  cannot  be  compared.  It  is  hardly  fair  to 
either  system  to  undertake  to  establish  a  comparison  between 
two  things  under  conditions  under  which  they  cannot  be  com- 
pared any  more  than  stones  can  be  compared  with  eggs. 

Mr.  Mershon  : — I  want,  Mr.  President,  to  endorse  the  last  re- 
marks of  Mr.  Mailloux,  One  reason  why  I  have  taken  up  this 
matter  is,  that  discussions  before  this  Insthutk  and  elsewhere 
have  left  the  impression  with  many  that  the  alternating  motor 
had  no  right  to  live  and  that  there  was  no  use  for  it ;  that  about 
the  only  place  for  it  was  the  junk  heap,  and  that  the  direct  cur- 
rent motor  was  the  only  thing  to  be  used.  That  is  one  reason, 
as  1  say,  why  I  have  taken  up  the  question  of  the  alternating 
current  motor.  Beside  that,  I  think  it  is  one  of  the  most  beauti- 
ful pieces  of  mechanism  we  know  of,  from  every  standpoint.  I 
will  admit,  as  I  did  a  while  ago,  that  there  are  some  uses  for 
which  the  direct  current  motor,  and  especially  the  series  motor, 
is  better  adapted  than  the  alternating  motor,  and  in  those  fields 
the  alternating  current  motor  has  not  very  much  chance  ;  but 
there  is  a  common  ground,  and  there  is  a  ground  furthermore, 
that  is  not  common  to  both,  but  which  is  pre-eminently  the  field 
of  the  alternating  current  motor.  Throughout  this  discussion  I 
have  had  in  my  mind  generally  the  idea  of  the  constant  speed 
motor,  any  motor  which  normally  operates  at  constant  speed.  It 
is  better  to  put  this  limit  on  such  a  discussion  as  this  one,  because 
it  simplifies  matters  since  entering  into  the  variable  speed  field 
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means  more  or  less  complication,  not  only  in  engineering  bat  also 
in  discussion,  no  matter  which  sjstem  you  take  np. 

Mr.  Soott  : — My  good  friend,  Mr.  Dunn,  made  the  statement 
that  what  he  was  contending  against  was  the  proposition  that  for 
all  cases,  for  universal  application  everywhere,  the  alternating 
current  motor  was  the  best,  and  that  the  direct  current  motor 
had  no  place  where  it  was  to  be  chosen  against  the  alternating 
current  motor,  implying,  as  T  took  it  from  his  language,  whether 
intended  or  not,  tnat  I  had  taken  the  position  that  tlie  alterna- 
ting current  motor  was  the  tlnwfr  to  use  everywhere.  I  very 
readily  and  heartily  agree  with  Mr.  Dunn  in  the  position,  which 
I  have  always  held,  that  the  direct  current  motor  has  its  place 
and  the  alternating  current  motor  its  place.  As  has  just  oeen 
stated,  each  has  its  own  field,  its  own  characteristics,  and  ought 
to  be  selected  for  its  own  work.  But  what  is  its  own  work  ? 
The  two  extremes  are  well  defined,  but  it  is  this  middle  ground, 
this  dividing  line,  on  which  wc  are  somewhat  at  variance  and  on 
which  the  good  judgment  of  the  engineer — ^not  alone  the  manu- 
facturing engineer,  as  his  judgment  may  not  be  good— but  of  the 
consulting  engineer,  of  the  general  electrician,  must  come  in  in 
deciding  the  relative  merits  of  these  motors.  As  I  recall,  one  of 
the  statements  made  was  that  wherever  an  induction  motor  could 
be  used,  a  shunt  motor  could  be  used  with  equal  or  better  success. 
Let  us  for  just  a  moment  make  a  common  sense  comparison  be- 
tween the  two  motors  themselves.  In  the  direct  current  motor, 
one  of  the  most  prominent  elements  is  the  field  winding,  made 
up  of  large  coils  of  fine  wire,  which  must  be  well  insulated  to 

f)revent  injury  from  "field  discharge"  and  which  are  sometimes 
iable  to  overheat.  The  alternating  motor  has  no  field  winding 
at  all.  Another  prominent  thing  about  the  direct  current  motor 
is  the  brush  holder, ''  a  little  thing  which  could  be  easily  corrected 
if  it  did  not  get  out  of  order,"  and  brushes  do  wear.  The  alter- 
nating current  motor  has  no  brushes  and  no  brush  holder.  The 
direct  current  motor  has  a  commutator,  the  induction  motor  has 
none.  The  direct  current  motor  has  an  armature  winding,  con- 
sisting of  a  large  number  of  coils,  properly  connected.  The  alter- 
nating current  motor  has  a  primary  winding  for  receiving  cur- 
rent which  corresponds  closely  to  the  armature  winding  of  the 
direct  current  motor.  Both  have  those  windings,  but  one  is  on  a 
revolving  armature  frequently  held  by  band  wireg  and  connected 
at  a  hundred  points  to  the  commutator.  The  other  is  stationary, 
in  an  outer  shell,  with  only  a  few  connections  to  the  outside  line. 
I  confess  that  my  electrical  experience  has  been  such  that  to  my 
mind  there  is  a  difference  between  these  two  constructions,  and 
that  the  direct  current  motor  is  by  no  means  the  equal  of  the 
alternating  current  motor  in  any  of  these  respects. 

Reliable  general  data  as  to  cost  of  maintenance  is  difiicult  to 
secure.  As  has  been  stated,  records  of  maintenance  are  fairly 
well  kept  with  direct  current  motors.     They  have  been  longer  in 
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use  and  records  have  come  to  be  a  matter  of  form.  With  regard 
to  the  alternating  current  motor,  records  of  maintenance  are  per- 
haps not  so  available.  In  some  cases  there  is  no  record  of  cost  of 
maintenance,  as  has  been  stated  by  engineers  who  have  been  run- 
ning the  motors  for  quite  a  while,  and  who  point  with  pride  to 
that  fact. 

Complaint  has  been  made  against  the  alternating  system  that 
the  generators  must  be  larger  in  order  to  accommodate  the  extra 
current,  the  "  wattless  "  current.  Sometimes  the  same  machine 
is  used  both  for  direct  current  and  alternating  current,  the  com- 
mutator being  at  one  end  and  collector  rings  at  the  other.  There- 
fore, to  make  an  alternator  out  of  a  direct  current  generator,  you 
may  simply  make  connections  from  the  winding  to  collector  rings 
and  leave  off  the  commutator,  which  is  one  of  the  very  large  ele- 
ments of  cost  in  the  direct  current  generator.  The  saving  thus 
efiFected  can  be  applied  in  such  a  way  as  to  give  an  increased  out- 
put from  the  alternator  and  thus  make  it  able  to  deliver  the  excit- 
ing current  which  is  needed  by  the  motors. 

Keferring  again  to  the  cost  of  power;  in  a  manufacturing  es- 
tablishment or  a  mill,  the  total  cost  of  power,  including  fuel,  in- 
terest and  maintenance,  often  does  not  exceed  a  few  per  cent,  of 
the  total  cost  of  manufacture.  A  very  large  increase  therefore 
could  probably  be  made  in  the  cost  of  the  power  plant,  if  greater 
simplicity  and  greater  reliability  can  be  obtained  in  that  wav. 

In  about  all  that  has  been  said  in  this  discussion  this  morning, 
it  might  be  inferred  that  the  alternating  current  motor  was 
merely  a  possibility  of  the  future.  The  alternating  current 
does  not,  however,  lie  wholly  in  the  future.  As  a  matter  of  fact 
such  motors  are  in  use  by  the  thousands.  Those  with  "  squirrel 
cage"  secondary  windings  constitute  the  principal  output  of 
alternating  motors  of  the  Westinghouse  company,  and  the  num- 
ber of  these  motors  now  in  use  runs  up  into  very  large  figures — 
I  have  not  the  exact  statistics  in  mind— but  if  1  remember  cor- 
rectly, there  are,  in  addition  to  many  other  uses,  something  like 
100  industrial  plants  which  are  running  with  induction  motors. 

The  President  : — Much  more  than  that. 

Mr.  Scott  : — Mr.  Steinmetz,  with  reference  to  another  com- 
pany, adds  to  the  number.  The  motor  has  established  its  place, 
and  it  is  a  notable  feature  that  where  alteniating  current  motors 
have  been  used  they  are  in  such  high  favor  that  when  extensions 
are  being  made  or  other  plants  of  tne  same  operating  company 
are  to  be  installed,  the  choice  is  quite  sure  to  be  in  favor  of  alter- 
nating current  motors. 

Mb.  F.  S.  Holmes: — This  discussion  reminds  me  of  an  ex- 
perience of  some  of  our  number  at  Alt  Nuernberg  last  evening 
at  supper.  They  were  not  apparently  used  to  American  methods, 
and  1  heard  one  of  them  say  that  $13  for  that  supper  was  a 
"  darling."  Now,  there  is  a  wish  among  men  to  get  an  equiva- 
lent for  what  they  spend.     We  have  been  told  by  the  people 
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representing  the  induction  motor  that  it  has  no  commntator  and 
no  field  winding.  In  fact,  there  is  very  little  to  this  motor 
except  price.  For  this  reason,  gentlemen,  the  manufacturing 
contingent  of  this  country  declines  to  take  induction  motors 
in  isolated  plants,  where  current  is  not  distributed  long  distances. 
In  Europe  the  induction  motor  is  cheaper  than  the  a.  c.  motor. 
For  the  present  condition  of  affairs  in  America  we  must  thank 
the  U.  S.  patent  office  and  combinations. 

There  are  two  or  three  objections  to  alternating  current  stuff 
beside  price.  I  speak  now  not  of  long-distance  transmission  but 
of  local  work  in  factories.  A  hanger  must  be  limited  in  drop 
because  its  ceiling  has  a  limited  height.  The  speed  of  induction 
motors  has  been  high.  Power  should  be  applied  directly,  and 
not  by  a  counter-shaft  to  a  main  line.  It  has  been  very  difficult 
to  find  motors  of  the  a.  o.  type  which  could  be  hooked  up  directly 
to  shafting  without  very  long  hangers.  That  is  an  objection  that 
is  disappearing  as  we  get  the  frequencies  reduced. 

Agam,  if  I  go  to  a  manufacturer  of  direct  current  apparatus 
and  say,  "Build  me  a  motor  to  run  at  353  revolutions  per  min- 
ute," he  builds  it.  But  when  I  try  to  get  an  a.  c.  motor  which 
does  this,  what  is  the  result?  It  can't  be  found.  Alternating 
current  motors  have  certain  speeds,  determined  by  the  frequency 
and  the  number  of  poles  in  the  motor.  You  cannot  change  these 
relations.  Summing  up,  in  isolated  plant  work  where  long  dis- 
tance transmissions  do  not  occur,  I  would  say  that  purchasers 
are  deterred  from  buying  a.  c.  motors,  first,  because  of  price; 
second,  because  of  high  speeds;  and,  third,  because  of  inflexibility 
in  application. 

Mk.  E.  a.  Spebky  : — I  am  surprised  to  hear  the  last  speaker 
sura  up  in  his  able  manner  on  isolated  plants  without  adding  a 
fourth  numeral,  namely,  the  relation  between  direct  current  and 
storage.  This,  as  we  know,  is  often  the  point  that  determines 
the  application,  the  point  that  determines  which  system  has  to  be 
selected;  and  I  have  been  rather  surprised  that  so  important  a 
factor  has  been  left  out  of  the  discussion  up  to  the  present  time. 
And,  Mr.  President,  if  I  may  be  permitted  to  digress  at  a  con- 
siderable angle  from  the  line  the  discussion  has  taken,  while  I 
have  the  floor  I  wish  again  to  call  attention  to  the  really  new 
apparatus  that  has  been  presented  to  us  at  this  session,  namely, 
that  of  Mr.  Lincoln.  I  have  seen  the  apparatus  in  operation 
somewhere  at  the  Exposition,  and  I  hope  some  one  will  tell  us 
where,  so  that  others  may  see  it.  It  is  certainly  a  most  interest- 
ing device.  I  noticed  particularly  the  directional  factor.  Not 
only  does  this  tell  us  when  we  are  not  in  step,  but  tells  us  which 
way  out  of  step  we  are,  which  the  ordinary  apparatus,  of  course, 
does  not  do.     This  to  me  was  of  interest. 

President  Steinmetz:— Gentlemen,  before  giving  the  floor  to 
Mr.  Dunn,  I  might  be  allowed  to  make  one  statement  in  reply 
to  Mr.  Mersbon.     In  his  discussion  he  said  that  the  statement 
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had  been  made  before  the  Institute  and  elsewhere  that  the  alter- 
nating current  motor  was  good  for  notliing  bnt  the  junk  heap, 
and  that  this  statement  has  gone  unchallenged.  Now,  I  really 
do  not  remember  that  such  a  statement  has  ever  passed  un- 
challenged, so  far  as  the  Institute  is  concerned,  and  I  very  much 
doubt  that  it  has.  I  believe  that  is  a  mistake,  Mr.  Mershon 
probably  referring  to  some  other  association.  I  shall  be  glad  to 
hear  from  him,  where  and  when  this  statement  has  been  made.  I 
now  call  upon  Mr.  Dunn. 

Mr.  Dunn: — I  had  intended  not  to  speak  again,  but  Mr.  Scott 
said  one  or  two  things  to  which  I  should  like  to  reply.  He 
mentioned  that  the  induction  motor  had  no  field  winding.  It 
certainly  has  a  field  created  by  a  winding,  and  I  should  like  to 
ask  which  is  better — a  magnetic  field  which,  though  it  may  be 
created  by  a  winding  consisting  of  a  number  of  turns  of  fine 
wire,  stays  still  when  once  it  is  created,  or  a  field  created  by  a 
winding  which  has  to  borrow  its  magnetism  from  the  circuit  and 
restore  it  sixty  times  a  second.  I  should  prefer  the  still  mag- 
netism. He  has  said  there  is  no  commutator  on  the  induction 
motor.  Granted;  but  the  induction  motors,  even  to  get  them 
down  to  the  price  that  they  are  now  at,  have  to  have  such  small 
air-gaps  that  their  mechanical  performance  is  questionable.  The 
small  air  gaps  cause  jamming  when  they  become  filled  with  dust, 
and  a  slignt  wearing  of  the  bearings  lets  the  armature  down  on 
the  fields,  and  even  causes  in  some  cases  such  unbalanced  side 
pull  as  to  bend  the  shafts  when  the  motor  is  started. 

Another  trouble  to  which  the  direct  motor  current  is  not  sub- 
ject is  vibration.  The  alternation  of  currents  in  the  direct  cur- 
rent motor  is  experienced  only  in  the  armature  and  not  at  all  in 
the  field,  and  it  is  of  a  very  much  lower  frequency.  The  alter- 
nation of  current  in  the  induction  motor  causes  a  hum  and 
often  a  vibration  of  the  winding,  which  ends  in  rupturing 
and  destroying  the  insulation.  Now,  with  regard  to  mainten- 
ance, whether  you  use  direct  current  motors  or  induction  motors, 
you  must  have  them  regularly  inspected.  Any  plant  that  puts 
up  machinery  without  provision  for  regular  inspection,  gets 
into  trouble  sooner  or  later.     I  claim  that   the    inspection   re- 

Sjuired  for  direct  current  motors  and  the  inspection  required 
or  induction  motors  is  so  nearly  similar  that  the  man  who 
goes  around  to  see  that  the  oil  is  in  the  'bearings;  that  the 
motors  are  clean;  that  the  starting  devices  have  not  burned 
their  tips,  and  that  the  belts  are  in  order;  that  man  can  attend 
to  an  induction  motor  plant  or  a  direct  motor  plant  with  very 
little  difference  in  his  time. 

I  did  not  mean  that  Mr.  Scott  said  that  induction  motors  were 
the  best  for  all  purposes,  but  such  is  the  statement  that  many 
men  selling  induction  motors  make,  and  the  statement  that  I 
have  had  to  meet  when  I  have  been  arguing  the  merits  of  direct 
current  motors.     I  ventured  to  bring  it  forth  in  this  discussion 
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simply  to  give  me  a  ground  from  which  to  talk.  I  would  not 
risk  ray  reputation  by  saying  that  direct  current  motors  are  the 
things  to  use  everywhere;  but  what  I  do  contend  for,  defend  and 
believe  in,  is  that  for  isolated  plants,  for  work  where  you  need 
contri»llability  of  speed,  for  work  where  you  need  large  torques, 
there  the  direct  current  motor  is  greatly  superior  to  the  induction 
motor,  and,  withal,  cheaper. 

Mr.  Scott  went  into  the  details  of  generator  design,  with  re- 
gard to  the  size  of  the  generator,  but  I  think  his  point  is  not 
well  taken,  because  there  are  facts,  such  as  the  difference  in  stiff- 
ness of  field  required  in  alternating  generators  and  other  details, 
that  do  not  permit  of  any  comparison  being  made,  and  where 
one  cannot  be  made,  following  Mr.  Mailloux's  advice,  we  ought 
not  to  attempt  it. 

Taking  up  the  double  systems  that  Mr.  Scott  mentioned,  that 
is,  systems  where  they  operate  both  alternating  and  direct  cur- 
rents in  the  same  plant  and  out  of  the  same  generators,  the 
reason  they  put  in  such  double  systems  is  because  the  alternating 
current  system  is  not  sufficient  to  do  the  work.  I  am  of  the  opinion 
tha  simplicity  above  all  other  things  is  requisite  in  engineering, 
and  I  do  not  see,  where  you  want  variable  speed,  heavy  torques, 
constant  speed,  all  kinds  of  service  together,  why  you  can't  get 
those  perfectly  at  lower  cost  and  with  a  great  increase  in  sim- 
plicity of  plant  by  putting  in  one  simple  direct  current  svstem. 
This,  of  course,  refers  especially  to  isolated  plants  and  factory 
equipments.  If  I  were  designing  a  plant  which  involved  bring- 
ing power  from  a  distance  I  should  put  in  induction  motors,  the 
same  as  Mr.  Scott. 

The  President  : — The  object  of  our  organization  is  to  fur- 
ther the  advance  of  electrical  engineering,  and  mot^t  advance 
made  has  always  been  made  as  the  result  of  criticism,  that  is, 
adverse  criticism;  and  for  that  reason  it  is  very  desirable  that  we 
here  should  endeavor  not  only  to  show  the  advantages  of  the 
various  systems  of  operation,  but  the  disadvantages  alFo;  and 
when  this  disLnission  comes  to  your  hands  I  hope  you  will  care- 
fully go  over  it  and  see,  in  the  list  of  disadvantages  of  the  con- 
tinuous current  machine,  the  commutator  and  brushes, etc  ,  if  you 
will  find  that  there  are  still  more  to  add  to  the  list;  and  among 
the  disadvantages  of  the  alternating  machine  you  will  find  power 
factors  and  small  air-gaps,  and  you  will  add  to  that  everything 
that  you  can  still  think  of;  and  then  in  the  future  we  can  go 
over  the  matter  and  see  how  all  these  disadvantages  can  be 
remedied  ;  because,  while  both  types  of  apparatus  are  very  per- 
fect, we  hope  that  in  the  future  they  will  be  still  more  so. 

In  connection  with  that,  it  would  be  desirable  to  hear  from 
our  European  friends,  and  therefore  I  call  on  Mons.  Boy  de  la 
Tour  to  give  us  a  few  words  regarding  European  experience. 

Mr.  Henri  Boy  de  la  Tour  : — (Translation.)  I  believe  that 
it  is  difficult  to  decide  either  for  the  direct  current  motor  or  for 
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the  polyphase  non-synchronous  (indnction)  motor.  In  my 
opinion  tnere  are  numerous  cases  which  call  for  the  direct  cur- 
rent, but  there  often  exist  installations  where  the  use  of  the 
inductive  motor  has  its  advantages. 

These  motors  have  been  criticised  for  their  small  air-gap  and  the 
large  currents  which  they  require  in  starting  to  produce  a  relatively 
low  torque.  But  do  not  these  motors  present  the  material  advan- 
tage of  being,  in  comparison  with  the  direct  current  motor,  more 
simple,  more  robust,  and  of  requiring,  so  to  speak,  no  attention, 
and  of  being  suitable  to  be  put  in  the  hands  or  almost  any  work- 
man? 

Mr.  Steinmetz  has  said  with  reason  that  the  synchronous  motor 
could  always  be  built  so  as  to  produce  at  starting  the  normal 
torque  while  absorbing  only  the  normal  current,  but  it  is  true 
also  that  it  is  possible,  by  means  of  special  connections,  to  make 
a  direct  current  motor  give  the  normal  starting  torque  with  a 
current  which  is  only  from  65  to  70  per  cent,  of  the  normal  run- 
nin^c  cun'ent. 

The  direct  current  motors  have  been  very  warmly  defended 
here,  and  the  idea  has  been  admitted  that  they  might,  in  the 
future,  be  preferred  to  the  induction  motors.  One  must  not 
forget  that  inasmuch  as  nature  does  not  produce  anything  but 
alternating  currents,  the  laws  of  nature  have,  so  to  speak,  been 
violated  in  the  direct  current  motor.  This  thought  makes  me 
believe  that  the  direct  current  machine  can  scarcely  be  the  ideal 
definite  machine,  but  that  we  find  ourselves  in  a  transitory 
period,  and  that  the  present  induction  motors,  which  are  already 
excellent  machines,  will  give  place  to  a  new  alternating  current 
motor,  which  will  advantageously  replace  the  two  types  at  the 
present  time  before  us.  However,  I  repeat  that  in  the  present 
state  of  our  science,  the  two  systems  both  render  us  great  ser- 
vices, for  their  diflferent  qualities  enable  them  to  complement 
each  other  happily  to  greatly  facilitate  the  solution- of  problems 
which  are  oftentimes  very  difficult. 

Mb.  Henry  W.  Fishek  : — From  the  experience  of  the  manu- 
facturer there  may  be  something  said  on  this  point.  I  happen  to 
be  connected  with  the  manufactories  of  the  Standard  under- 
ground Cable  Company,  and  in  one  factory  we  employ  direct 
motors,  and  in  the  other  factory  induction,  three-phase  motors. 
Both  factories  have  run  successfully  with  the  different  types  of 
motors  but  the  difference  is  this,  that  every  once  in  a  while  we 
have  to  take  our  direct  current  generator  and  our  direct  current 
motors  and  turn  down  the  commutatori,  but  in  the  case  of  the 
indnction  motors  nothing  whatsoever  has  had  to  be  done.  The 
induction  motor  generator  does  not  have  to  be  repaired,  and  the 
indnction  motor  does  not  require  any  special  attention  as  there  is 
no  commutator  to  be  turned  down.  So  that  if  I  were  putting  up 
another  factory  I  would  certainly  use  the  induction  motors,  be- 
cause they  certainly  give  less  trouble  than  the  direct  current 
motors. 
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Mb.  H.  G.  Stott: — Mr.  President,  I  would  like  to  pour  a 
little  oil  on  the  troubled  waters  and  say  that  tlief*e  is  a  connecting 
link  between  the  alternating  current  and  the  direct  current  motor 
which  we  seem  to  have  forgotten,  and  that  is,  the  rotary  con- 
verter. With  that,  the  direct  current  man  can  look  at  the  direct 
current  side,  and  the  alternating  current  man  can  look  at  the 
statics  and  the  collector  ring  end. 

Another  point  seems  to  have  been  overlooked,  and  that  is  as  to 
whether  we  are  receiving  current  or  whether  we  are  generating 
current  locally  for  short  distributions.  These  two  points  make  a 
radical  difference.  If  you  are  receiving  current,  undoubtedly  the 
alternating  current  is  the  thing  to  use ;  but  there  are  two  ways  of 
utilizing  this,  either  with  the  static  transformers  and  rotary  con- 
verters and  the  use  of  direct  current,  or  simply  to  put  in  static 
transformers  and  use. 

Now,  there  is  still  a  third  way  which  in  many  cases  is  advisable, 
and  that  is  to  put  in  motor  generators.  You  can  put  in  a  motor 
generator  at  almost  any  voltage,  provided  the  unit  is  of  large 
enough  size,  say  100  h.  p.  providing  a  2200  or  4400-volt  motor, 
either  induction  or  synchronous.  With  the  synchronous  motors 
we  have  the  advantage  of  running  our  power  factor  to  any 
amount  we  wish.  I  think  that  we  can  all  agree  that  there  are 
certain  cases  where  one  motor  is  out  of  the  question,  and  others 
where  the  other  is  out  of  the  question.  In  a  large  plant  being 
put  in  in  New  York,  for  instance,  just  now,  the  question  of 
operating  came  in  with  regard  to  a  coal-handling  apparatus.  Of 
course  our  engineers  decided  that  the  induction  motor  was  the 
proper  apparatus  to  handle  that;  but  when  it  came  to  equipping 
the  cars,  all  agreed  in  favor  of  the  direct  current  motor,  witn  just . 
the  same  unanimity.  There  was  no  more  question  in  the  case  of 
the  one  than  in  the  other.     So  I  think  we  can  all  agree  to  differ. 

There  is  a  point  raised  in  one  of  the  papers  I  think  that  is  very 
important  to.  central  station  men,  which  has  not  been  taken  up 
much,  and  that  is  the  question  of  meters.  In  selling  current  it  is 
unquestionably  unfair  to  the  central  plant  to  sell  current  at  the 
same  rate  per  k.  w.  to  men  who  only  use  the  power  during  the 
peak  of  the  load,  for  perhaps  two  hours,  and  throw  this  peak  on 
top  of  the  other  load,  as  to  the  men  who  use  the  current  for  per- 
haps twelve  hours  a  day,  or  even  longer,  and  who  use  the  current 
when  it  does  not  add  on  to  the  peak  load.  The  peak  load  is  the 
all-important  factor  in  practically  all  plants.  Now,  I  would 
like  to  hear  from  the  representatives  of  the  manufacturing  com- 
panies as  to  what  progress  has  been  made  in  the  designing  of 
meters  which  would  differentiate,  as  it  were,  between  the  two 
kinds  of  customers;  in  other  words,  a  two-rate  meter,  or  some 
other  device,  which  would  show  the  amount  of  current  used  be- 
tween certain  hours  at  the  maximum,  and  also  the  amount  of 
current  used  between  certain  hours  of  small  load.  I  think  that 
this  is  a  very  important  point  and  that  we  could  hear  with  a 
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ffreat  deal  of  interest  from  the  different  representatives  of  the 
larffe  manufacturing  companies. 

The  President  : — I  would  like  to  call  on  Dr.  Janisch  of  Ger- 
many to  give  us  a  few  words  concerning  his  experience  on  these 
topics. 

Mb.  Chas.  Jakisch  : — The  question  ^^  Is  the  alternating  or  the 
direct  current  motor  tiie  better  tf"  is  a  question  which  I  would  not 
like  to  answer  without  reservation.  Both  kinds  of  motors  have 
their  good  qualities  which  enable  them  to  operate  positively  and 
durably.  Both  kinds  of  motors  have  their  disadvantages  which 
make  them  more  or  less  unsuitable  for  certain  applications.  For 
this  reason,  I  would  like  to  answer  the  question  only  after  a  care- 
ful consideration  of  the  proposed  working  conditions,  and  would 
accordingly  in  one  case  give  preference  to  the  one,  in  the  other 
case  to  the  other  motor.  I  am  much  pleased  to  coincide,  in  my 
view,  with  your  President,  and  I  hope  with  him  that  the  present 
discussion  will  serve  materially  to  improve  either  the  one  or  the 
other  of  both  kinds  of  motors  to  such  extent  that  their  preference 
for  all  applications  may  be  incontestable,  or  that  we  may  come 
across  a  new  kind  of  motor  which  combines  in  itself  all  the  good 
qualities  of  the  two  aforementioned  kinds  without  possessing  any 
of  their  disadvantages. 

The  President  : — I  will  call  on  Mr.  Haskins,  then,  to  answer 
any  questions. 

Mr.  Haskins  : — I  think  there  has  been  but  one  question  asked 
relating  to  my  paper.  In  correcting  the  proof  of  my  paper,  I 
found  that  the  compositors  had  substituted  the  word  ^\  motor" 
for  "  meter,"  all  the  way  through,  and  it  is  possible  that  I  ought 
to  have  left  it  there.  I  am  hesitant  whether  to  think  thnt  my 
paper  has  been  in  such  full  accord  with  your  views  as  to  call  for 
no  contradiction,  or  so  completely  in  disaccord  that  time  would 
not  permit  you  to  express  your  disapproval.  I  shall  infer  the 
first.  Mr.  8rott  has  asked  me  what  progess  has  been  made  in 
the  commercial  development  of  a  meter  system  contemplating  a 
justly  higher  charge  for  energy  furnished  during  the  peak  of  the 
load  than  for  energy  furnished  at  other  times.  This  problem 
translated  into  meter  language,  means  the  ^^  two-rate  tneter." 
The  General  Electric  Company  has  had  a  ^Hwo-rate  meter"  on 
the  market  for  about  three  years.  In  its  original  form  the  meter 
had  two  dials.  Motion  from  the  rotating  element  of  the  meter 
was  transmitted  either  to  the  right  hand  or  left  hand  dial,  accord- 
ing to  the  hour  of  the  day,  the  throw-over  being  accomplished 
by  a  clutch  controlled  by  a  clock.  It  is  possible  with  this  meter 
to  record  the  energy  delivered  during  the  peak  period,  be  that 
what  it  may,  on  one  dial,  and  to  record  on  the  second  dial  all 
energy  consumed  at  other  than  the  peak  period.  The  clock  is 
capable  of  being  set  to  throw  over  at  any  desired  time  from  high 
to  low  and  from  low  to  high  rate.  I  do  not  think  it  is  appropri- 
ate that  I  should  enter  into  a  discusaion  of  the  two-rate  system 
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here.  It  is  more  of  a  commercial  than  a  technical  topic.  The 
double-dial  form  of  meter,  which  was  our  first  two-rate 
deT^ice,  inrolred  the  reading  of  two  dials,  and  practically  the 
preparation  of  two  bills— somewhat  of  a  burden.  It  has  been 
superseded  by  a  second  form  of  two-rate  meter  which  has  but  a 
single  dial,  the  reduction  of  rate  during  the  ^'  valley  period  "  of 
the  load,  being  accomplished  by  an  actual  reduction  of  speed  of 
the  rotating  element.  This  change  is  accomplished  by  cutting  in 
and  out  resistance  in  series  with  the  armature.  This  provides  a 
two-rate  meter  which  may  be  any  desired  percentage  slow  during 
the  '^  valley  period,"  and  at  the  same  time  involves  the  reading 
of  but  a  single  dial.  The  discount  or  reduction  of  rate  during  the 
^'  valley  period  "  is  taken  care  of  by  the  reduction  of  speed  rate 
in  the  rotating  element  during  those  hours.  The  change  in  re- 
sistance is  accomplished  by  a  clock  mechanism  similar  to  that  orig- 
inally used  with  the  two-dial  meter.  This  meter  is  undonbtedly 
preferable  for  two-rate  purposes,  and  it  is  my  candid  personal 
belief  that  some  day  it  will  come  into  very  wide  use. 

Mr.  W.  Uand  Browne  : — I  will  not  venture,  Mr.  President, 
into  the  discussion  of  the  relative  merits  of  induction  and  direct 
current  motors.  The  question  of  charging  for  the  wattless  cur- 
rent I  would  also  prefer  to  leave  to  the  operating  engineers.  It 
was  stated  that  a  great  deal  of  trouble  had  been  experienced  in 
the  use  of  older  and  poorer  induction  motors.  Would  not  a 
power  factor  indicator  at  once  condemn  such  a  motor? 

[Adjourned.] 

[Communicated  After  Adjournment,  by  Gano  S.  Dunn, 
see  page  864.] 

In  the  discussion  of  the  relative  performance  of  direct  current 
and  indaction  motors  into  which  channel  the  discussion  of  Mr. 
Caryl  D.  Haekins'  paper  on  meters  at  the  JBuffalo  convention, 
turned,  I  referred  to  certain  tests  I  had  made  and  gave  extracts 
from  them,  and  upon  the  suggestion  of  one  of  the  speakers  I  now 
submit  these  tests  as  a  part  of  the  discussion  communicated  after 
adjournment. 

The  tests  are  plotted  in  three  sets  of  curves,  all  on  one  sheet 
shown  herewith. 

The  first  set  gives  the  speed  characteristics  of  the  direct  cur- 
rent shunt  motor,  direct  current  compound  motor  and  alternating 
current  induction  motor. 

The  second  set  gives  the  efiiciencies,  and  the  third  gives  the 
running  currents  for  these  same  motors.  The  three  sets  are  dis- 
tinguished by  the  character  of  their  lining,  which  is  explained 
upon  the  sheet.  All  of  the  curves  are  plotted  with  torque  for  the 
independent  variable. 

To  secure  comparative  results,  the  scales  have  been  written  in 
percentages  of  the  full  load  values  of  each  quantity  involved. 
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The  data  from  which  the  cnrves  for  the  induction  motors  were 
made,  were  taken  from  the  pablicationg  of  one  of  the  prominent 
companiea  building  such  machines.    The  data  from  which  the 
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curves  for  the  direct  current  motors  were  made,  were  taken  from 
tests  made  under  mj  personal  supervision,  especially  for  this 
comparison,  and  were  from  ordinary  commercial  machines  of 
standard  commercial  rating,  drawn  directly  from  the  storehouse 
and  unmodified  in  any  particular. 

The  current  curves  show  that  for  full  load  the  induction  motor 
requires  about  10  per  cent,  more  running  current  than  the  direct 
current  motor,  and  that  this  excess  of  current  increases  as  the 
motors  become  overloaded.  They  also  show  that  the  starting  cur- 
rent for  the  induction  motor  at  its  maximum  starting  torque  is 
nearly  twice  as  great  as  the  starting  current  for  the  same  torque 
in  the  direct  current  motor. 

The  curves  of  efficiency  show  that  at  partial  loads  there  is  little 
difference  between  any  of  the  motors^  bat  at  full  load  the  indae- 
tion  motor  is  about  3  per  cent,  lower  than  its  direct  current  com- 
petitors and  at  overload  greatly  lower. 

The  speed  curves  originating  in  the  upper  left  hand  comer, 
show  tltat  in  regulation  between  free  speed  and  full  load  the 
direct  current  shunt  motor  falls  off  aUout  4^  per  cent.,  the  induc- 
tion motor  about  6  per  cent,  and  the  direct  current  compound 
motor  about  7^  per  cent,  and  that  the  induction  motor  breaks 
down  and  stalls  at  a  maximum  torque  of  2.7  times  normal,  while 
the  direct  current  shunt  motor  continues  until  it  exerts  a  torque 
.of  6.4  times  normal  and  the  direct  current  compound  motor  con- 
tinues until  it  exerts  a  torque  of  10.8  times  normal  before  it 
stalls.  The  speed  curves  also  show  that  at  the  breakdown  point 
of  the  induction  motor  the  direct  current  shunt  motor  has  fallen 
off  in  speed  only  13^^  per  cent,  and  that  at  a  torque  of  about  80 
per  cent,  above  normal  the  regulation  of  the  compound  motor 
and  the  induction  moti>r  are  about  equal  and  that  beyond  this  the 
compound  motor  is  greatly  superior. 

A.  series  wound  direct  current  motor  would  give  greater  torques 
than  the  compound  wound,  but  as  it  would  not  be  comparable 
with  the  induction  motor  in  speed  regulation,  its  data  were  not 
included. 

Sparking  occurred  in  the  direct  current  motors  in  the  middle 
region  of  their  speed  curves,  but  it  was  not  such  as  would  injure 
the  commutator  unless  the  overloads  were  maintained ;  and  at 
the  severest  overloads  the  sparking  almost  disappeared,  on  account 
of  the  low  speeds  that  accompanied  them. 

[Communicated  After   Adjournment  by   Mr.   Carl  Herino. 

See  page  325.J 
Mr.  Mailloux's  observation,  which  differed  from  mine,  does 
not  affect  the  real  point  at  issue,  which  is,  whether  it  can  be 
done,  and  not  whether  it  was  done,  under  the  particular  condi- 
tions of  load,  grade,  motorman,  etc.,  under  which  he  made  his 
observation.  If  it  can  be  done  once  it  can  be  done  again,  although 
it  may  not  always  be  done,  especially  when  power  is  as  cheap  as 
it  is  on  that  line. 
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PERFORMANCE  OF  AN  ARTIFICIAL  FORTY-MILE 
TRANSMISSION  LINE. 

BT  WILLIAM   8.   ALDRICH   AND    GEORGE  W.    BEDFIELD. 

The  artificial  duplication  and  test  of  a  ^0-mile  transmission  line 
wae  carried  out  as  far  as  facilities  would  permit  in  the  Electrical 
Engineering  Laboratory  of  the  University  of  Illinois  during  the 
Spring  semester  of  1901.  The  combinations  selected  were  such 
as  would  cover  a  wide  range  of  conditions  in  practice.  The  results 
obtained,  represent  closely  those  that  might  be  expected  under 
commercial  conditions  of  a  similar  line.  The  characteristics  of 
performance  illustrate  the  evil  effects  of  shifting  phase  displace- 
ment as  the  chief  cause  of  poor  regulation. 
,  General  Considerations  and  Requirements. — The  kind  of 
service  and  requirements  at  the  receiver  end  of  the  line  involve 
a  consideration  of  the  kind  of  load,  such  as  synchronous  motors  or 
converter,  induction  motors,  arc  and  incandescent  lights,  or  any 
combination  of  these.*  In'the "design  of  the  line  the  prime  factors 
are  load,  distance,  voltage,  frequency  and  allowable  drop  and  loss. 
There  is  usually  allowed  a  maximum  drop  for  the  given  condi- 
tions. Such  an  allowance  depends  upon  the  kind  of  service  em- 
ployed, the  character  of  the  load  and  the  inherent  properties  of 
the  line,  such  as  ohmic  resistance,  self-inductance,  capacity,  fre- 
quency, line  current  and  its  phase  displacement. 

The  character  and  variation  of  receiver  loads  also  largely  influ- 
ence the  line  regulation,  losses  and  efficiency.  The  voltage,  cost 
of  conductors,  cost  of  construction  and  maintenance  and  insulation 
to  prevent  leakage  deserve  some  share  of  consideration. 
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The  energy  or  I*Ii  loss  in  the  line,  in  per  cent,  of  the  full  load 
power  delivered  to  the  line,  usually  varies  between  5  and  10^,  in 
the  best  modern  transmission  installations.  The  charging  cuiTent 
and  receiver  wattless  components  of  current,  if  any,  will  indirectly 
vary  this  I^H  loss  according  to  whether  they  are  neutralized  or 
not. 

Effect  of  Reactive  Loads  Upon  Line  Efficiency. — The  effects 
of  reactive  loads  upon  the  performance  of  the  generator  are  well 
understood  and  have  been  set  forth  in  numerous  experiments. 
The  effect  of  such  loads  upon  the  transmission  is  to  increase  the 
current  for  the  same  energy  transmitted  over  that  required  when 


Fig.  1. — Coils  for  Artificial  Reactances. 

the  current  in  the  line  is  in  phase  with  its  impressed  e.  m.  f.,  the 
line  loss  increasing,  as  the  square  of  the  current  will  be  much 
increased  with  increase  of  phase  displacement.  From  this  con- 
sideration alone  it  would  appear  that  the  line  current  should  be 
in  phase  with  its  e.  m.  f.  for  most  efficient  performance.  Con- 
sidering, however,  the  voltage  and  drop  for  a  given  amount  of 
power  delivered,  it  is  to  be  noted  that  conditions  may  arise  in 
practice  in  which  an  inductive  line  may  transmit  energy  at  a 
higher  efficiency  than  a  non-inductive  one. 
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Conditions  Assumed. — It  is  desired  to  transrait,  by  three-phase 
system,  with  step-Dp  and  step-down  transformation,  from  1  to  8 
K.W.,  40.75  miles,  at  2,300  volts  and  64  cycles,  with  a  transmission 
eflSciency,  between  generator  terminals  and  receiver  secondary 
terminals,  of  not  less  than  80^,  at  full  and  practically  non- 
inductive  load  on  the  receiver  secondary  circuit.  The  size  and 
frequency  were  necessarily  determined  by  the  polyphase  generator 
available. 

No.  4  (B.  &  S.  gauge)  copper  wire  was  selected,  giving  a  line 
loss  per  phase  of  0.215  k.  w.,  or  about  8^,  on  a  basis  of  2.66  k.  w. 
output  per  phase  from  receiver  secondary  terminals,  under  normal 
voltage  and  non-inductive  load.  The  line  constants  chosen  are 
suited  to  a  distance  apart  of  the  wires  of  lb''  at  the  vertices  of  an 
equilateral  triangle. 


Pig.  2. — Arrangement  of  Artificial  Line  Above  Switchboard. 

Self-Inductance  and  Inductive  lieactance. — The  artificial  in- 
ductive reactance  provided  for  each  wire  of  the  three-phase  line 
was  an  air-core  coil,  wound  and  adjusted  to  the  proper  self-induc- 
tance of  this  line  wire  under  the  conditions  assumed.  Maxwell's 
bridge  method*  was  used  in  standardizing  these  three  inductances. 
The  accuracy  of  the  standard  inductance  and  resistances  used 
and  the  sensitiveness  of  the  galvanometer  warranted  an  accuracy 
to  within  one-fifth  of  \%.     Air-core  coils  were  selected  to  insure 

1.  Maxwell's  **  Electricity  and  Magnetism,"  vol.  ii.,  p.  »tf7. 
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that  such  equivalent  iuductanee  of  the  artificial  line  (and  there- 
fore its  reactance  at  constant  frequency)  would  remain  constant 
throughout  all  variations  of  line  current.  These  reactance  coils^ 
Fig.  1,  were  each  immersed  in  .earthenware  jars  filled  with  a  high 
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Fig.  3. 
grade  of  transformer  oil  and  always  used  in  this  condition.   While 
in  use  they  attained  a  temperature  of  approximately  70°  C.,and 
remained  practically  at  this  temperature  during  the  experiment. 
The  resistance  of  each  coil  at  this  temperature  was  9.0  ohms. 
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Ohmio  Hesistance. — The^  total  ohmic  resistance  of  each  line 
wire  for  the  given  conditions  should  be  53.4  ohms.  To  supply 
the  remaining  44.4  ohms  for  each  line  wire,  three  non-inductive 
resistances  were  constructed  bj  winding  No.  17  (B.  &  S.  gauge) 
German  silver  wire  non-inductively  upon  frames,  as  shown  above 
the  switchboard,  Fig.  2.  These  resistances  were  each  adjusted  by 
an  accurate Wheatstone  bridge  to  the  value  of  44.4  ohms,  at  about 
85^  F.,  the  temperature  of  the  room. 

Capacity  and  Capacity  Reactance, — The  artificial  capacity  of 
the  three-phase  line  was  composed  of  six  commercial  electrostatic 
condensers,  two  condensers  each  being  connected  in  series  and 
thence  connected  in  star  between  the  three  line  wires.  These 
condensers  were  arranged  so  that  the  capacity  between  each  of 
the  line  wires  and  the  neutral  was  0.701  micro-farads.  The  outer 
terminals  of  the  star-connected  condensers  were  respectively  con- 
nected to  the  middle  points  of  the  non-inductive  resistances  of 
each  line  wire.  Fig.  3.  Such  an  arrangement  was  equivalent  to 
concentrating  all  of  the  capacity  of  the  40.75-mile  transmission 
line  midway  between  the  generator  and  receiver  ends. 

TABLE  I. 

Data  op  Artificial  Tiiansmibsion  Link. 

Length  of  transmission : 40.75  miles 

Diameter  of  conductors,  No.  4  B.  &  S 0.204  inches 

Area  of  conductors  41,742  cir.  mils. 

Resistance  per  mile  at  75°  P 1.31  ohms 

Frequency,  cycles  per  second 64 

Constants  of  the  Line  Computed  from  the  Above  Data. 

Inductance  per  mile  of  wire  or |  mile  of  transmission.  .0.001760  henrys 

Inductive  reactance  per  mile  of  wire,  64  p.  p.  s 0.708  ohms 

Impedance  per  mile  of  wire,  64  p  p.  s 1.487  ohms 

Impedance  factor  of  line  (impedance  divided  by  resistance) 1.184 

Resistance  of  40.75-mile  transmission  line  (or  81.50  miles  of 

line  wire) 106.8  ohms 

Inductance  of  40.75-mile  transmission  line  (or  81.50  miles 

of  line  wire)  0. 1426  henrys 

Inductive  reactance  of  40.75-mile  transmission  line,  64 

p.  p.  s 67.8  ohms 

Impedance  of  40.75-miIe  transmission  line,  64  p.  p.  s  . .    .  .121.2  ohms 
Capacity  of  each  wire  to  neutral  per  mile  of  transmission 

line 0  01722  m.f. 

Capacity  reactance  between  two  wires  per  mile  of  transmis- 
sion at  64  p.  p.  s 1,449,300  ohms 
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Capacity  of  40.75-mile  transmission  line  considered  as  two 
parallel  cylinders 0.701  m,  f. 

Capacity  reactance  between  two  wires  of  40.75-mile  trans- 
mission line 855,800  ohms 

Charging  current  per  phase  of  40  76-mile  transmission,  64 
p.  p.  s.  and  2,800  volts 0.874  amperes 

Total  apparent  energy  to  charge  line,  64  p.  p.  s.  and  2,800 
volts 1.49  K.  w. 

Total  true  energy  to  charge  line,  64  p.  p.  s.  and  8,800  volts, 
or  total  I^R  due  to  charging  current 0.011  k.  w. 

Current  per  phase  to  transmit  8  k.  w.  at  2,800  volts  and 
unity  power  factor 2.01  amperes 

TABLE  II. 

Data  of  thb  Artificial  Substitutbs  for  Link  Constants. 

Size  of  wire  of  reactance  coil  for  each  line  wire. . . .  No.  18  B.  &  S.  gauge 

Inside  diameter  of  each  reactance  coil 1.87  inches 

Outside  diameter  of  each  reactance  coil 4.0  inches 

Length  of  each  reactance  coil 14.25  inches 

Approximate  number  of  turns  on  each  reactance  coil 1,420  turns 

Inductance  of  eai^h  reactance  coil 0.0713  henrys 

Ohmic  resistance  of  each  renctance  coil.  70**  C 9.0  ohms 

Resistance  of  non-inductive  portion  of  each  line  wire 44.4  ohms 

Total  ohmic  resistance  of  each  artificial  line 53.4  ohms 

Equivalent  artificial  capacity  per  phase  of  each  line  wire  to 
neutral  0.701  m.  f. 

ConnectionH  Used  in  Operation. — The  reactance  coils  were 
placed  at  the  receiver  end, all  of  the  line  reactance  being  assamed 
as  concentrated  at  that  point.  In  series  with  each  of  these  react- 
ance coils  was  placed  one  of  the  non-indoctive  resistances,  with  its 
respective  condensers. 

The  connections  of  apparatus  and  instruments  for  the  various 
experiments  are  shown  in  Fig.  3.  In  the  experiments  for 
charging  current  and  resonant  rise,  the  switches  b,  s  and  t  were 
open. 

Description  of  the  Generator, — Three-phase  current  was 
generated  from  a  machine  made  by  the  Westinghouse  Electric 
and  Manufacturing  Company,  constructed  for  single  and  poly- 
phase work,  as  generator,  synchronous  motor  or  converter.  The 
armature  has  a  distributed  winding,  and  was  here  tapped  off  as  a 
three-phase  delta  combination. 

Dimensions  and  Measurements  of  Generator. 

Type Polyphase  converter 

Serial  number 185,751 

Capacity , 10  kilowatts 

Number  of  poles 4 

R.  P.  M 1,920 
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Frequency 64  cycles 

Normal  volts  (three  phase) 410 

Full-loacl  current  per  branch  (three-phase)  14  amperes 

Resistance  of  field  (hot) 685  ohms 

Resistance  of  armature  per  phase  (hot) 0.92  ohms 

External  Characteristica  of  Generator. — External  characterise 

tics  were  taken  of  this  machine  under  various  reactive  loads  with 

lagging  and  leading  phase  displacement^     The  results  are  shown 
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KILOWATTS  OUTPUT. 

Fio.  4.  External  characteristics  of  Westinghouse  10  k.w.  Alternator  as  three- 
phase  Generator,  showing  the  effect  of  Variable  Reactive  Loads  on  Regu- 
lation. 

in  Fig.  4.  In  obtaining  each  of  these  curves  the  true  power  was 
measured  by  the  two-wattmeter  method.  The  power  factor  of 
the  external  circuit  was  kept  constant  throughout  the  whole 
range  of  load  by  maintaining  constant  the  ratio  of  the  two-watt- 
meter readings.* 

1  •The   Regulation  of  Alternators  under    Variable    Reactive    Loads." 
Geo.  W.  Redfleld,  Teehnograph,  University  of  Illinois.     No.  15,  p.  95.  1901. 

2  "  Power  Factor  .vieasurements."  B.  Krankenfield.    Electrical  World  and 
Snffineer,  vol.  35;  p.  178.    Feb.  8,  1900. 
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Charging  Current  of  the  Artificial  Lins, — The  receiver  end 
was  open-eircaited  and  the  chargiug  current  measured  as  on  a 
three-phase  line.  One  of  the  line  wires  at  the  generator  end  was 
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Fio.  5. — Relation  Between  Charging  Current  and  Resonant  Rise  for  Various 
Voltages  at  Generator  End. 

disconnected  and  the  charging  current  measured  with  the  same 
voltage  and  frequency  applied  to  the  line  as  before.  In  the  case 
of  the  three-phase  line  the  total  charging  current  was  2/  4/3  that 
of  the  charging  current  of  the  single-phase  line. 
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Seaonant  Rise — An  experiment  was  made  to  determine  the 
rise  of  voltage  at  the  receiver  end  primarily  due  to  reson- 
ance.    The  line  at  the  receiver  end-  was  opened  and  a  Weston 
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Pio.  6. — Performance  of  Transmission  at  Variable  Load  with  Under-Excited 

Synchronous  Motor. 

voltmeter,  with  suitable  multiplier,  was  then  placed  across  the 
terminal  of  one  of  the  phases.  Fig.  5  shows  the  results  of 
this    experiment,  giving  the   relation   between    charging  cnr- 
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rent  and  resonant  rise  for  various  voltages  at  generator  end. 
Daring  the  interval  when  the  charging  current  was  measured 
the  voltmeter  was  not  in  circuit,  and  hence  there  was  no  current 
taken  off  the  line  at  the  receiver  end. 

Let  e  =  percentage  rise  of  potential  due  to  resonance.* 

C  =  total  capacity  of  line,  in  farads. 

Z  =  inductance  in  henrys,  of  total  length  of  one  circuit. 

01  =  2  ;rn  ,  where  n  is  the  frequency  or  p.p.s. 

m.  C  CO  L  (O  100 

Then,  e  = 

The  quantities  C  and  Z  are  proportional  to  the  length  of  line 
and  therefore  the  percentage  rise  in  potential  varies  practically 
as  the  square  of  the  length  of  the  line  and  the  square  of  the 
frequency. 

Substituting  in  this  formula  the  values  for  the  4:0.75-mile 
line,  we  have, 

^  ^  10-^X0.701  X-i01.5x(O.0713x2)X401.5xl00  ^  ^  g^^ 


this  being  the  calculated  per  cent,  rise  due  to  resonance  for  this 
line.  By  a  glance  at  Fig.  6,  it  will  be  noticed  that  the  ob- 
served values  for  the  per  cent,  resonant  rise  agree  very  closely 
with  the  above  computed  value.  It  also  shows  that  this  per  cent, 
resonant  rise  is  practically  independent  of  the  voltage  applied  to- 
the  line. 

All  power  factor  values  of  the  three-phase  circuit  were  deter- 
mined from  two-wattmeter  measurements  by  use  of  the  well- 
known  curve  of  ratios  of  wattmeter  readings  in  connection  witb 
the  cosine  curves  for  balanced  three-phase  system.' 

Power  Factor  at  Generator  End  on  Open  Receiver  Secondary. 
— When  the  receiver  secondary  circuit  Ls  open  it  will  be  noticed 
in  all  of  tlae  curves  of  performance  that  the  power  factor  at  the 
generator  end  is  leading.  The  reason  for  this  will  be  evident 
upon  considering  a  series  of  readings  by  the  two-wattmeter 
method,  one  or  the  other  wattmeter  always  having  the  larger 

1.  **  The  Use  of  Aluminium  Line  Wire,  and  Some  Constants  for  Trans^ 
mission  Lines,"  by  P.  A.  C.  Perrine  and  P.  G.  Baum,  Traksactions,  vol.  xvii.,. 
p.  846. 

9   Ibid.  Frankenfield. 
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reading  according  to  whether  the  resultant  power  factor  of  the 
three-phase  line  is  leading  or  lagging.  The  current  in  the  line 
under  these  given  conditions  is  known  to  he  leading  because  the 
charging  current  is  in  excess  of  the  no-load  current  required  by 
the  transformers.  Further  evidence  that  the  power  factor  at  the 
generator  end  is  leading  is  shown  by  the  line  voltage  at  the  re- 
ceiver end  being  higher  than  the  line  voltage  at  the  generator 
end,  and  such  a  condition  could  not  be  possible,  owing  to  the  in-- 
ductance  of  the  line  unless  there  was  a  leadini^  current  in  the 
line.  For  no-load  on  the  secondary,  at  the  receiver  end,  similar 
conditions  are  obtained  in  all  subsequent  tests;  hence, the  result- 
ing leading  power  factor  of  the  three-phase  transmission  is  the 
same  in  all  cases  of  open  receiver  secondary. 

Description  of  the  Synchronous  Motor. — The  transmitted 
power  was  absorbed  at  the  receiver  end  by  a  machine  made  by  the 
General  Electric  Company,  constructed  for  single  and  polyphase 
work,  as  a  generator,  synchronous  motor  or  converter.  The 
armature  has  a  distributed  winding  and  and  was  used  as  a  three- 
phase  machine. 

Description  of  Stnchrokous  Motor. 

Type Synchronous  Machine. 

Capacity .7^  K.w. 

No.  of  poles 4. 

R.  P.  M 1920. 

Frequency 64  cycles 

Normal  voltage  (three  phase) ■. 110 

Pull  load  current  per  branch  (three-phase) - 40  amp. 

Performance  of  Transmission  at  Variable  Load  with 
Under-Excited  Synchronous  Motor, — The  curves  of  perform- 
ance, Fig.  6,  show  that  as  soon  as  the  synchronous  motor  is 
thrown  on,  as  a  lightly  loaded  receiver,  at  constant  excitation  of 
0.96  amperes,  taking  about  1.1  k.w.,  the  phase  displacement  at 
the  generator  end  immediately  changes  from  lead  to  lag.  The 
lino  current  rises  quite  rapidly  and  the  high-tension  and  low- 
tension  pressures  at  each  end  drop  considerably,  due  to  the  pres- 
ence of  lagging  currents  in  the  line  and  generator  circuit.  Under 
such  conditions  the  regulation  of  the  generator  is  greatly  im- 
paired, as  shown  in  Fig.  4.  The  under-excited  synchronous 
motor  is  similar  in  its  effects  upon  the  transmission  system  to  an 
induction  motor,  producing  lagging  phase  displacement  mater- 
ially affecting   the  regulation  of  the  system.     As  the  load  in- 
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creases,  the  line  drop  at  receiver  end  falls  off  gradually,  while  the 
current  comes  rapidly  into  phase  with  the  impressed  e.m.f., 
reaching  unity  power  factor  at  a  trifle  over  full  load.     This  effect 


Fio.  7. — Performance  with  Xormally-Bxcited   Synchronous  Motor. 

partially  compensates  for  the  increased  drop  due  to  heavier  loads 
and  therefore  has  a  tendency  to  keep  the  voltages  up.  The  phase 
displacement  at  the  receiver  end  controls  the  phase  relations  of 
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these  B.M.r.'8.  The  line  carrent  is  exceptionally  high  under 
light  loads,  because  under  such  conditions  the  receiver  power 
factor  is  very  low. 

rri  .    .        nj  .  Output  of  receiver  secondary 

Transmission  emciencv  =  := ^ V 

input  rruin  generator  terminals 

The  efficiency  in  this  case  reaches  a  maximum  value  of  82^, 
at  about  half  load,  and  has  a  maintained  value  of  80^  and  over 
from  one-third  to  two-third  load. 

Performance  loith  Normally  Excited  Sf/nc/iro7ioiis  Motor, — 
The  characteristics  under  this  condition,  are  shown  in  Fig.  7.  The 
constant  excitation  of  the  synchronous  motor  was  1.58  amperes, 
the  excitation  for  its  operating  at  practically  unity  power  factor 
above  half  load.  The  resulting  power  factors  are  much  improved 
at  the  generator  and  receiver  ends  under  light  loads.  As  the 
load  increases,  each  of  these  power  factors  increase  more  rapidly 
than  in  the  preceding  cast*,  and  at  full  load  they  reach  unity 
while  beyond  this  point  they  are  a  trifle  leading.  The  line  drop 
is  not  so  marked,  resulting  in  better  inherent  regulation  of  the 
system. 

The  pressure  at  the  generator  end  remains  practically  constant 
after  the  synchronous  motor  is  thrown  on  the  line.  The  Hue 
current  rises  gradual!}',  improving  tlie  line  efficiency  by  reducing 
the  phase  ditiplaceraenr,  also  improving  the  transformer  efficien- 
cies. Owing  to  tliis  the  transmission  efficiency  rises  quickly  and 
maintains  a  high  value  of  S->%  and  over  from  one-fifth  to  full 
load.  This  bears  out  the  earlier  statements  of  this  paper  that 
best  results  are  to  be  obtained  in  such  a  transmission  system  when 
the  resulting  phase  displacement  is  a  minimum. 

Peb70Rmance  with  Oveb-Excited  Synchronous  Motor  Load. 

The  curves  of  performance  under  this  condition  are  shown  in 
Fig.  8.  The  constant  excitation  of  the  synchronous  motor  was 
2.68  amperes.  The  pressure  at  the  generator  end  does  not  drop 
at  all  when  the  over-excited  synchronous  motor  is  thrown  on, 
having  a  tendency  to  rise,  due  to  the  phase  displacement  of  its 
external  circuit  remaining  leading  at  all  loads.  This  is  equiva- 
lent, in  its  effects  upon  the  generator,  to  over-compounding,  pro- 
ducing the  so  called  "  boosting"  effect,  as  shown  in  Fig.  4,  for  an 
equivalent  power  factor  of  about  0.90  leading.     The  secondary 
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pressure  regulation  at  the  receiver  end  is  better  tlian  in  any  pre- 
vious case,  being  exceptionally  good  due  to  a  leading  phase  dis- 
placement which   increases  with  the  heavier  loads.     This  has  a 


Fig.  8. — Performance  with  Over-Excited  Synchronous  Motor  Load. 

compensating  effect  upon  the  secondary  receiver  voltage  which 
will  be  noted  later. 

The  transmission  efficiency  is  %0%  and  over  from  half  to  full  load. 
In  this  case  the  eflBciencies  of  the  transformers  are  evidently  re 
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dnccd  at  their  respective  loads  by  the  increased  core  losses  under 
the  higher  impressed  voltages.  Their  PR  losses  are  also  in- 
creased for  the  same  respective  loads  owing  to  the  increasing 
phase  displacement. 
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Pio.  9.— Performance  with  Conf-tant  Receiver  Secondary  Voltflge.  120  Volts, 
and  Variable  Excitation  of  Synchronoas  Motor. 

Constant  Jteceiver  Secondary  Voltage  and  Variable  Excita- 
tion of  Synchronous  Motor. — Fig.  0  illustrates  the  performance 
where  a  constant  pressure  of  120  volts  was  maintained  at  the 
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receiver  secondary  terminale  whil^  the  excitation  was  correspond- 
ingly increased  with  the  load.  There  is  increasing  leading  phase 
displacement  after  the  small  loads  are  passed.     The  transmis- 


Pro.  10. — Performance  with  Constant  Receiver  Secondary  Voltage,  125  Volts, 
and  Variable  Excitation  of  Synchronous  Motor. 

sion  efficiency  is  at  and  above  80^  from  one-third  to  full  load. 
Under  similar  conditions  the  receiver  secondary  voltage  was 
maintained  at  125,  the  no-load  pressure,  and  the  results  are 
plotted  in  Fig.  10.     The  phase  displacement  at  each  end  is  de- 
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cidedly  leading.  Therefore  the  line  current  is  materially  raised, 
increasing  the  7*^  losses.  Under  this  condition  the  trans- 
formers were  oprated  at  still  higher  pressures,  correspondingly 
decreasing  the  efficiency  of  transmission. 


x:^ — 


IE 


jH- 


4-       L_- 

Liv. 


1 


Jt^ 


^ ^  t!l{  .^ 


1  ... 


1    ■  '  ■" 

'-*^-—      c                         1      ■           1       , 

^""r^'^L-'-^-^i^-^r'^i-?- 

'        I 

1 

}  1  >  ' 

L                  1 

RCrBW£^      ^HZi. 

1         1 

L  '^r^=i: 

r/^    T,t.'^YJ't^/=Jfli:/ii^ 

c<>r\L  nr^     , 

/    2   J   ^  r 


^     >     i     C    i    J    r*^     (    * 


^tYUfi  \fficroK 


l'  iT        1 


_^/€^JL  . 


{  C0N3TRNT.- 


tA^ 


J  J 

rTuFftft 


>i^  ^   -^ 


-f 


l4-}.j  14-^44-  rHIIITn--t-HUTiit  '4iV 


,4    i^   -f   4  .4 


^4i; 


rrfTrrmfH^^ 


..-4.i..uU,u.tiini 


Fio.  11. — Variation  of  the  Transformer  Ratios  as  Function  of  the  Phase 

Displacement. 

Effect  on  Oeneraior  Voltage  hy  Increasing  Synchronous  Motor 
Excitation, — Under  the  leading  phase  displacement  of  the  last 
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two  experiments  the  pressures  at  the  generator  show  the  charac- 
teristic increase  earlier  noted  in  Fig.  4. 

The  leading  wattless  components  of  current  are  comparatively 
large,  and  therefore  have  an  appreciable  influence  upon  the  per- 
formance and  regulation  of  the  generator. 

Regulation  of  Transformers  Under  Variable  Phase  Dis- 
placement.— An  examination  of  the  transformer  radios  as  deter- 
mined by  the  voltage  curves  at  the  generator  and  receiver  ends 
of  the  preceding  curves  of  performance,  will  show  that  for  the 
small  loads  especially,  the  ratio  of  transformation  at  each  end  of 
the  line  varies  greatly  with  the  phase  displacement.  This  varia- 
tion of  transformer  ratios  is  a  function  of  the  phase  displacement 
depending  upon  whetht  rit  is  lagging  or  leading. 

Fig.  II  shows  the  plotted  values  of  these  variable  transformer 
ratios,  as  a  function  of  the  power  factor  for  the  step-up  and  step- 
down  transformers  respectively.  The  load  was  practically  con- 
stant, at  1.15  K.W.,  for  all  of  these  determinations.  The  varia- 
tion in  the  ratio  of  the  step-down  transformera  is  opposite  to  that 
of  the  step-up  transformers. 

The  following  is  the  general  principle  for  either  step-up  or 
step-down  transformers,  respecfing  the  variation  in  transformer 
ratios  with  variable  phase  displacement: 

The  output  voltage  increases  as  the  lagging  phase  displace- 
ment decreases^  which  voltage  continues  to  increase  as  the  dis- 
placement passes  through  unity  and  becomes  more  and  mors 
leading. 

This  variation  of  transformation  ratio  will  become  apparent 
upon  a  consideration  of  the  effect  of  variable  phase  displacement 
upon  the  resultant  flux.  In  any  given  case  this  flux  is  smaller  with 
a  lagging  phase  displacement  than  with  no  displacement,  and, 
therefore  increases  as  the  displacement  becomes  more  and  more 
leading. 

Therefore,  with  a  given  primary  impressed  e.m  f.  the  second- 
ary E.M.F.  will  be  smaller  with  a  lagging  and  larger  with  a  lead* 
ing  load,  than  with  a  simple  non-inductive  load.  Furthermore, 
it  is  to  be  seen  that  a  difference  of  phase  existing  in  the  second- 
ary circuit  of  a  transformer  reappt  ars  in  the  primary  circuit 
somewhat  decreased  if  leading,  and  slightly  inert  ased  if  lagging. 
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Precautions  to  bb  Taken  with  Unloaded  Tbansmission     • 

Lines. 

Jndging  from  the  rcsolts  of  the  earlier  sets  of  these  experi- 
ments it  should  not  be  permitted  to  throw  the  generator  onto  an 
unloaded  transmission  line  where  the  per  cent,  resonant  rise  may 
be  comparatively  large.  If  this  should  occur  it  may  produce  a 
marked  resonant  rise  in  pressure  at  the  receiver  end,  and  more- 
over increase  the  ratio  of  the  step-up  transformers.  It  is  therefore 
advisable  always  to  have  indaction  motors  or  similar  inductive 
reactance  connected  in  the  circuit.  Furthermore,  in  designing  a 
transmission  line  care  should  be  taken  to  keep  very  low  the  ratio 
of  the  charging  current  to  the  full  load  power  current,  so  as  not 
to  necessitate  increasing  the  size  of  generating  units  to  supply 
this  charging  current. 

Transmission  Efficiency. — The  tendency  to  higher  efficiency 
by  increase  of  the  impressed  em.f.,  due  to  any  so-called  ''boost- 
ing*' throws  the  current  out'of  phase  with  its  e.m.f.  It  is  evident 
that  when  high  transmission  efficiency  is  desired  it  is  necessary 
to  keep  down  the  wattless  components  of  current  to  whatever 
cause  they  may  be  due,  quite  as  much  on  account  of  the  im]>air- 
ment  of  transformer  efficiency  as  in  the  general  operation  of  the 
system.  The  three  transformers  used  at  each  end  of  the  lino 
were  of  3  k.w.  capacity,  of  well-known  modern  types;  Fort 
Wayne  for  the  step-up,  and  Packard,  for  the  step-down  trans- 
formers. In  almost  all  instances  in  these  experiments  they  were 
operated  at  somewhat  higher  voltages  than  intended.  Their  PR 
losses  were  necessarily  increased  by  the  extreVne  range  of  reactive 
loads. 

Voltage  Hegulation. — The  results  throughout  are  given  for 
one  phase  (a-b)  of  the  three-phase  system,  which  was  always 
balanced.  ,  There  was  comparatively  little  "hunting"  of  the  syn- 
chronous motor  under  any  of  the  conditions  of  operation.  The 
transformers  had  a  drop  of  3^  between  no-load  and  full  non- 
inductive  load  when  operated  at  their  normal  voltage.  There 
was  also  a  drop  of  about  2%  in  the  speed  of  the  alternator  between 
no-load  and  full-load,  due  to  the  increased  slip  of  the  induction 
motor  used  as  a  prime  mover.  After  taking  these  factors  into 
consideration  regarding  the  regulation  of  the  sevei*al  parts  of  the 
system,  it  is  evident  that  the  performance  of  the  transmission 
system  was  satisfactory. 
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Wave  Forms  from  the  Eicperimental  Transmisffion  Syffiem} 
The  instrament  used  in  taking  these  wave  forms  was  a  modifica- 
tion of  the  Blondel  oscillograph.  To  a  small  reflecting  mirror 
was  attached  a  very  goft  Norway  iron  needle,with  a  natural  period 
of  about  one  thousandth  of  a  second.  This  was  suspended  verti- 
cally by  a  very  tine  silk  iiber  in  line  of  prolongation  of  horizontal 
axis  of  an  air-core  solenoid  of  sixty  turns  of  No.  20  (B.  &  S.) 
soft  single  cotton  covered  magnet  wire.  The  directive  force  of 
the  needle  was  supplied  by  a  pair  of  permanent  steel  magnets  of 
horse  shoe  form,  producing  practically  a  constant  iield.  When  an 
alternating  current  was  passed  through  the  solenoid  it  produced 
simultaneous  deflection  of  the  needle  in  frequency,  direction  and 
amount  proportional  to  that  of  the  current  flowing. 

By  suitably  arranged  lenses  a  beam  of  light  from  an  arc  lamp 
will  be  reflected  by  the  mirror  upon  highly  sensitized  paper 
mounted  on  a  rapidly-revolving  drum. 

The  photographic  records  of  the  wave  forms  are  necessarily 
small,  from  onehalf  to  one  inch  in  amplitude.  They  were 
enlarged  by  throwing  onto  a  screen  by  a  projection  lantern  and 
then  retraced  by  hand.  Similar  recording  arrangements  have 
been  used  with  curve  tracers.  These  are  necessarily  slow  and 
tedious,  requiring  about  half  an  hour  for  a  complete  record  of  the 
wave  form.  The  record,  therefore,  is  really  a  kind  of  composite 
photograph,  as  the  wave  form  meanwhile  may  have  undergone 
almost  an  infinite  variety  of  changes.  In  the  modification  of  the 
oscillograph  as  here  used  the  deflections  of  the  needle  follow  very 
closely  and  faithfully  any  variation  in  the  alternating  current,and 
a  record  of  the  wave  form  is  obtained  in  about  one-sixtieth  of  a 
second. 

Figs.  12  and  13  illustrate  the  generator  and  receiver  waveforms 
under  typical  conditions.  Series  x  is  an  e.m.  f.  wave  foim  of  the 
three-phase  generator  on  open  circuit.  Series  y  of  Fig.  12  and 
Series  y^  of  Fig.  1 3  are  e.  m.  f.  wave  forms  taken  oflF  the  generator 
and  receiver  secondary  terminals,  respectively,  under  the  same 
conditions  of  load  and  simultaneous  conditions  of  operation,  with 
leading  phase  displacement.     These  wave  forms  are  very  similar, 


1.  These  wave  forms  were  taken  by  Mr.  E.  F.  Bracken*  B  S.,  in  Electrical 
Engineering.  University  of  IJlinois,  by  the  method  described  in  his  thesis  on 
"Investigation  of  the  Wave  Forms  of  Alternators  and  Synchronous  Con- 
Ttrters,*' June,  1901. 
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but  the  receiver  end  is  distorted  more  than  the  one  from  that  of 
the  generator  end,  as  the  receiver  end  power  factor  was  somewhat 
lower.  They  show  the  flattening  due  to  the  capacity  effect  of  the 
leading  currents  present. 
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Fig.  12. — Wave  Forms  from  the  Generator. 

Series  z  of  Fig.  12  and  Series  z^  of  Fig.  13  are  e.  m.  f.  wave 
forms  taken  off  the  generator  and  receiver  secondary  terminals 
under  the  same  conditions  of  load  and  simultaneous  conditions  of 
operation,  but  with  decided  lagging  phase  displacement.  These 
waves  are  also  similar,  but  that  of  the  receiver  end  is  more  dis- 
torted than  that  of  the  generator,  due  to  a  lower  power  factor  at 
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the  generator  end.  These  waves  illustrate  the  eflFect  of  lagging 
currents  and  show  the  characteristic  peak  due  to  the  presence  of 
inductance.  From  examination  of  them  it  is  evident  that  to 
wave-form  peculiarities  are  to  be  attributed  many  cases  of  bad 
regulation  and  other  difficulties  appearing  in  the  earlier  trans- 
mission systems  with  mixed  apparatus  and  uncertain  line  condi- 
tions. They  illustrate  also  the  great  influence  upon  the  e.  m.  f. 
waves  of  the  line  and  generator  of  the  phase  relation  between  the 
E  M.  F.  and  the  current. 
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PiQ.  13. — Wave  Forms  from  the  Receiver  Secondary  TerrainAls. 

If  synchronous  motors  or  converters  are  used,  giving  wave 
forms  quite  different  from  those  of  their  impressed  e.m.f.,  they 
will  become  very  unstable  in  regard  to  remaining  in  synchronism. 
This  dissimilarity  of  wave  forms  also  necessitates  excessive  cur- 
rents, without  any  regard  to  the  accompanying  disadvantages 
inherent  in  phase  displacement  of  synchronous  machines,  and 
such  dissimilarities  are  purely  relative  and  do  not  materially  con- 
cern the  question  of  the  intrinsic  value  of  synchronous  machinea 
m  effecting  neutralization  of  phase  displacement. 
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ELEMENTS  OF  DESIGN    PARTICULARLY  PERTAIN- 
ING TO  LONG  DISTANCE  TRANSMISSION. 


BY    F.  A.  O.  PERRINE. 


The  popular  admiration  of  a  big  thing  is  not  unwarranted 
from  an  engineering  standpoint.  The  mere  bigness  of  an  engi- 
neering problem  oftentimes  introduces  new  elements  into  the 
solution.  Ordinary  methods  of  handling  materials  become  im- 
practicable when  the  size  of  the  work  passes  that  usually  under- 
taken, stresses  heretofore  unconsidered  become  important  and 
introduce  great  difficulties  by  reason  of  the  extra  precautions 
necessary  in  their  consideration.  The  electrical  transmission 
problem  is  no  exception  to  tliis  general  rule,  for,  were  it  always 
necessary  to  consider  all  the  phenomena  involved  in  every  elec- 
trical transmission  problem,  the  solution  of  a  great  long  distance 
problem  would  be  the  same  as  that  for  the  smallest  piece  of 
work,  since  the  introduction  of  larger  figures  into  an  equation  in- 
troduces no  diflSculties  in  the  solution.  But  this  is  not  the  case. 
In  short  distance  work  there  are  less  terms  in  the  equation  than 
tliere  are  in  long  distance  work,  and  in  handling  extremely  high 
potentials  we  must  consider  not  only  the  electrical  factors  of 
safety,  but  also  mechanical  factors  of  safety,  for  the  reason  that 
good  insulations  are  never  materials  of  great  strength,  and  can 
be  relied  upon  for  their  mechanical  properties  only  when  the 
mechanical  strains  are  unimportant  in  comparison  with  the  size 
of  the  insulating  pieces  employed.  Were  it  not  for  these  con- 
siderations it  might  be  more  expensive  to  transmit  10,000  k.  w. 
one  hundred  miles  than  to  transmit  the  same  amount  of  power  a 
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single  mile,  but  to  the  competent  electrician  not  more  diflScult. 
All  of  the  phenomena  which  must  be  considered  in  short  dis- 
tance work  are  introduced  into  long  distance  problems  in  the 
same  form.  The  difficulty  in  long  distance  transmission  problems 
lies  in  tha  introduction  of  phenomena  which  are  not  new,  but 
which,  as  has  already  been  said,  are  important  only  in  work  of 
the  latter  class. 

No  new  interpretation  of  Ohm's  law  becomes  necessary  as 
resistance  rises  and  our  lines  become  long,  and  the  loss  of  energy 
over  a  wire  of  2l  given  resistance  due  to  its  resistance  remains 
unchanged,  though,  of  course,  we  must  always  give  dne  con- 
sideration to  the  false  resistance  eflFects  that  may  be  introduced 
by  the  size  of  the  conductors  employed.  In  the  earlier  transmis- 
sion lines  where  distances  of  from  10  to  20  miles  were  considered, 
and  voltages  from  five  to  20,000  volts  employed,  investors  hesi- 
tated to  buy  the  amount  of  conductor  material  necessary  to 
reduce  the  losses,  to  amounts  of  the  order  employed  in  short  dis- 
tance work,  and  in  consequence  with  resistance  losses  amounting 
to  from  20  to  30^  while  the  regulation  problems  were  of  great 
difficulty,  the  wires  were  small,  and  the  false  resistance  or  so- 
called  "  skin  eflFects  "  unnoticed.  But  with  the  continued  success 
that  has  attended  the  introduction  of  long  distance  lines,  the 
investors  who  have  had  sufficient  courage  to  approach  the  prob- 
lem of  transmitting  great  powers  over  great  distances  have 
felt  it  unnecessary  to  restrict  the  engineers  in  the  quantity  of 
material,  and,  in  consequence,  the  most  recent  systems  have  em- 
ployed conductors  of  such  a  size  as  to  necessitate  the  considera- 
tion of  these  phenomena  a  matter  of  no  great  difficulty  to  be 
sure,  and  one  which  only  determines  the  limit  of  size  of  a  single 
line.  This  problem  has  been  further  simplified  by  an  agreement 
between  the  engineer  and  the  investor  that  for  permanence  of 
aupply  duplicate  lines  seem  almost  necessary. 

Perhaps  the  most  important  question  to  face  in  the  long  dis- 
tance transmission  is  that  of  regulation.  In  working  short  lines, 
even  with  alternating  currents,  the  regulation  as  the  load  changes 
is  determined  almost  completely  by  the  resistance  eflfect.  Occa- 
sionally when  heavier  currents  are  employed  the  self  inductive 
eflFects  have  to  be  considered,  and  generally  the  mutual  induction 
from  and  to  other  lines  becomes  an  important  factor,  though  in 
determining  the  question  of  regulation  the  capacity  eflFects  are 
entirely  unimportant. 
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Whether  the  lines  are  long  or  short,  the  current  small  or  great, 
selfindaction,  mntual  induction,  and  capacity,  as  well  as  resist- 
ance are  ever  present  as  phenomena.  But  while  with  short  lines 
the  capacity  is  the  least  important  of  these  phonomena  and  is  so 
unimportant  as  to  be  absolutely  unconsidered,  with  long  distance 
lines  it  becomes  the  predominant  factor.  The  importance  of  the 
capacity  factor  increases  with  the  quantity  of  the  charging  cur- 
rent. This  quantity,  of  course,  depends  upon  the  capacity  of  the 
circuit,^  the  voltage  employed,  and  the  peiiodicity.  A  long  dis- 
tance line  would  be  commercially  unsuccessful  were  not  the 
highest  possible  voltages  used,  and  the  usefulness  of  the  current 
rises,  within  certain  limits,  with  the  periodicity.  Accordingly, 
in  long  distance  lines  where  periodicities  are  employed  from 
which  incandescent  and  arc  lighting  may  be  directly  performed, 
high  voltages  entail  very  great  charging  currents  to  such  an  ex- 
tent that  in  a  line  of  100  miles  in  length,  operating  at  a  voltage 
of  50  or  60,000  volts  and  a  periodicity  of  (?0,  the  charging  cur- 
rent amounts  to  something  in  excess  of  2,000  kilovolt  amperes, 
and  employs  such  a  proportion  of  the  capacity  at  the  station  for 
charging  the  idle  lines  as  to  make  the  introduction  of  units 
smaller  than  2,000  k.  w.  inadvisable,  and  renders  commercially 
impracticable  the  transmission  of  powers  less  than  about  8,000 
K.  w.,  unless  the  capacity  effect  be  neutralized  by  the  use  of  re- 
active coils. 

Following  the  capacity  in  important  effect  on  regulation  is 
the  self-induction.  While  the  mutual  induction  may  become 
another  factor,  it  is  only  considered  in  order  to  be  eliminated  by 
transposition  of  the  wires,  all  of  which  leaves  of  the  three  final 
factors  involved,  the  resistance  of  the  line  in  the  most  unimpor- 
tant place,  though  in  short  distance  work  it  is  the  determining 
factor.  The  elimination  of  mutual  induction  by  transposition  is 
generally  an  exceedingly  simple  problem,  for  the  reason  that  the 
lines  are  almost  invariably  few  in  number  and  follow  each  other 
with  constant  load  for  considerable  distances,  allowing  the  trans- 
positions to  be  readily  made  at  or  between  poles  where  every 
facility  is  offered  for  making  them  simply.  The  self-inductive 
effects,  while  important,  an<i  increased  by  the  length  of  the  lines, 
are  nevertheless  comparatively  small  in  reference  to  the  total 
amount  of  power  transmitted,  for  the  reason  that  the  high  vol- 
tages decrease  the  quantity  of  current,  and  so  far  as  the  line  is 
concerned,  the  self-induction  is  rather  a  benefit  than  a  detriment 
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when  the  loads  are  onstant,  eince  the  leading  current  dae  to 
capacity  is  relatively  so  large.  Self-induction  does  indeed 
impair  the  regulation  as  the  load  changes  and  the  more  nearly 
the  line  capacity  is  balanced  by  outside  inductances  the  more 
important  becomes  the  effect  of  the  self  induction  except 
where  the  load  is  absorbed  by  synchronous  motors,  rotary 
transformers,  or  other  apparatus  which  is  capable  of  operat- 
ing with  a  leading  power  factor,  in  which  case  the  line  capacity 
may  be  balanced  by  some  form  of  load  having  a  constant 
inductance  and  the  line  inductance  balanced  by  a  leading  load 
variable  with  the  reactance  drop  along  the  line.  Indeed  were  it 
always  possible  to  install  long  distance  lines  with  a  constant 
inductive  load  capable  of  neutralizing  altogether  the  capacity 
effect ;  a  variable  synchronous  motor  or  other  leading  load  ad- 
justed to  neutralize  at  all  times  the  self  induction  of  the  line  ;  the 
problem  of  regulation  in  a  long  distance  power  transmission  line 
would  be  reduced  to  the  simplicity  of  the  regulation  in  short 
direct  current  transmissions.  With  variable  loads  the  capacity 
and  self-inductive  effects  cannot  truly  be  said  to  neutralize  each 
other  for  the  reason  that  the  capacity  effect  is  constant,  and  the 
self-inductive  effect  variable  with  the  load,  and  where  a  long 
line  is  loaded  altogether  with  lagging  loads  the  conditions  for 
regulation  are  the  worst  possible.  This  will  be  explained  later, 
as  we  now  further  discuss  the  effect  of  capacity.  One  of  the  most 
noticeable  effects  of  capacity  is  its  action  in  reference  to  the  wave 
form  of  the  generators.  Should  a  peaked  electro-motive  force 
wave  form  be  delivered  by  the  generators  to  a  line  containing  a 
heavy  capacity,  the  line  would  usually  have  the  effect  of  somewhat 
neutralizing  the  generator  defects,  furnishing  to  the  translating 
devices  at  the  delivery  end  of  the  line  a  smoother  curve  than  was 
originally  delivered  by  the  generator,  but  where  the  generator 
curve  is  a  sine  curve,  or  as  is  more  common  with  modern  types 
of  generators,  a  curve  with  a  slightly  flattened  top,  the  capacity 
tends  to  increase  this  flattening  at  the  same  time  in  the  current 
curve  all  harmonics  are  accentuated  by  the  presence  of  capacity 
in  the  line  and  receiving  circuit.  The  extent  of  this  action  is 
illustrated  in  Figs.  1  and  2,  which  are  reproduced  from  oscil- 
lagraph  curves  taken  by  Prof.  E.  E.  Farmer,  of  the  Stanford 
University,  from  the  lines  of  the  Independent  Electric  Light 
Co.,  of  San  Francisco.  This  company  is  not  operating  a  long 
distance  transmission  system,  but  its  circuits  being  all  under- 
ground are  bf  a  high  capacity  and  in  consequence  the  necessary 
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points  are  illustrated  by  these  curves.  In  Fig.  1  the  smooth 
curve  is  the  electromotiye  force  curve  at  the  generating  end  of 
the  line.  The  rough  curve  being  the  corresponding  current 
carve,  the  lines  being  unloaded  except  by  reason  of  the  capacity 
current.  Fig.  2  is  the  same  current  curve  as  it  is  found  at  a 
point  distant  from  the  power-house  along  the  cables. 

The  peaked  character  of  the  current  curves  in  this  case  seems  to 
be  due  to  harmonics  from  the  armature  slots  in  the  genemtor,  since 
they  correspond  in  number  and  position  to  these  slots.  That  this  is 
not  due  to  any  errors  in  the  oscillagraph  itself  is  shown  in  Fig.  3, 
which  gives  the  electromotive  force  curve  taken  with  both  the 


Pio  .1. 


Pig.  a. 

enrrent  and  electromotive  force  windings  of  the  oscillagraph 
in  series^and  shows  that  the  two  windings  give  corresponding  re- 
sults when  operated  by  the  same  wave  form,  but  displaced  in  phase 
90°.  Fig.  2  shows  at  once  by  examination  that  the  effect  of  the  cir- 
cuit has  been  to  reduce  the  accentuation  of  the  teeth  of  the  current 
curve  so  illustrating  the  points  made.  The  disadvantages  that 
may  arise  from  this  condition  were  illustrated  in  the  writer's 
practice  in  a  line  45  miles  in  length,  operated  at  60  cycles  and 
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25,000  volts.  A  sjnchronooB  motor  was  emplojed  having  a 
naturally  bad  wave  form,  the  maximum  point  of  the  wave  rising 
far  above  the  point  represented  by  the  equivalent  sine  wave.  In 
this  case  at  no  load  the  motor  took  full  load  current,  and  at  full 
load  a  current  much  in  excess  of  the  normal.  The  diflSculty  was 
remedied  by  paralleling  the  lines  at  the  delivery  end  with  a  react- 
ance coil.  These  experiments  have  been  described  in  detail  by  the 
writer  in  a  paper*  presented  May  17,  1900,  before  this  society. 
These  results  have  been  borne  out  more  recently  by  observations 
made  on  a  140-mile  line  supplying  synchronous  motors  of  a 
better  design,  one  synchronous  motor  being  of  the  revolving  field 
type,  and  another  of  the  inductor  type.  Both  of  these  motors 
give  a  fairly  correct  wave  form,  and  in  neither  of  them  the  diffi- 


FiQ.  8. 

culty  of  the  earlier  experiments  has  been  repeated,  fortunately 
proving  that  the  diflSculty  from  modifications  of  the  wave  form  in 
lines  due  to  the  capacity,  can  be  overcome  by  the  choice  of  cor- 
rect motors.  By  far  the  most  important  eflfect  of  the  capacity  re- 
lates to  the  regulation  of  the  transformers  and  generators  attached 
to  the  line :  a  leading  current  taken  from  such  apparatus  having 
the  efl^ect  of  increasing  the  voltage,  while  a  lagging  current  de- 
creases it  proportionately.  This  has  nothing  to  do  with  the  drop 
in  voltage  from  the  line  itself,  whether  on  account  of  resistance 
or  self-induction,  or  to  the  rise  along  the  line  due  to  the  capacity, 
but  refers  only  to  the  action  of  the  generating  apparatus,  and  it 

1.  Tkansactions,  Vol.  xvli,  p.  845 
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can  readily  be  seen  that  where  a  line  is  operated  sometimeB 
with  no  load  and  sometimes  at  full  load,  the  change  of  the 
power  factor  from  leading  to  lagging  will  change  the  voltage 
bejond  the  calculated  drop  along  the  lines,  and  generally  beyond 
the  amounts  allowed  for  in  any  regulating  apparatus.  Considering 
this  point  we  see  at  once  that  the  regulation  difficulty  that  was  above 
spoken  of  is  due  to  the  variability  of  the  self-inductive  effect  in 
the  line  itself,  and  points  to  the  conclusions  that  were  above 
drawn  of  the  perfect  line  being  one  in  which  the  capacity  of 
the  line  is  neutralized  by  a  constant  self-induction  and  the 
self-inductive  effect  of  the  line  is  neutralized  by  a  leading  load 
variable  with  the  variations  of  the  load  on  the  line.  With  lines 
of  high  capacity  there  is  a  rise  in  potential  along  the  circuit,  but 
though  this  effect  has  produced  much  discussion,  its  prac- 
tical effect  in  importance  is  not  very  great,  for  the  reason  that 
it  is  entirely  overshadowed  by  its  corresponding  effect  on  the 
apparatus  which  has  just  been  described.  In  the  case  of  the 
longest  lines  at  present  operated,  this  effect  does  not  amount  to 
more  than  20jg  of  the  rise  in  the  step-up  transformers  produced 
by  the  same  leading  current. 

As  has  already  been  said,  the  highest  possible  potentials  are 
necessary  in  order  to  restrict  the  investment  in  very  long  trans- 
mission lines.  When  the  voltages  rise  above  30,000  volts,  pheno- 
mena become  important  in  the  problem  of  insulation  which 
below  that  voltage  were  unnecessary  to  consider.  In  the  first 
place  voltages  from  25,000  to  30,000  volts  can  be  readily 
handled  with  insulators  of  either  glass  or  porcelain  having  a 
diameter  not  exceeding  seven  int-hes.  Pieces  of  glass  or  porce- 
lain of  these  dimensions  are  mechanically  strong  and  are  readily 
manufactured.  Where  the  voltage  rises  to  50,000  to  60,000 
volts,  and  the  sparking  distance  between  the  lines  increases  to 
between  five  and  six  inches,  the  insulators  must  have  a  diameter 
of  at  least  1*2  or  13  inches  and  be  held  not  less  than  7  or  8  inches 
above  the  cross-arm.  Such  pieces  of  these  fragile  insulating  ma- 
terials are  difficult  to  manufacture,  and  though  the  problem  has 
been  successfully  solved,  the  greatest  care  in  design  and  manu- 
facture is  absolutely  essential,  though  it  is  believed  that  the 
factor  of  safety  of  high  potential  insulatoi-sasat  present  designed  is 
by  no  means  as  great  as  that  commonly  employed  with  the  lower 
voltages.  An  even  more  striking  difficulty  in  handling  high  volt- 
ages lies  in  the  effect  of  the  electrical  surface  tension  or  density 
which,  with  high  voltages  and  small  wires  results  in  a  brush  dis- 


Digitized  by  VjOOQIC 


868  PSRRINIC  ON  LONG  DISTANCE  rHA^SMISSION.    [Aug  83 

charge  and  high  energj  loss,  independent  of  leakage  over  the 
Barface  of  the  insulators,  being  simplj  an  escape  to  surrounding 
bodies  from  the  whole  surface  of  the  wire.  Among  the  fignrea 
hi  tables  giving  the  power  loss  for  different  voltages  obtained  by 
Mershon  as  the  result  of  his  able  experiments  at  Telluride, 
this  effect  is  apparent,  but  it  did  not  attract  much  attention 
at  that  time,  and  the  phenomenon,  we  believe,  was  first 
nndersto  >d  and  taken  into  account  by  the  engineers  asso- 
ciated with  the  writer  in  carrying  out  high  voltage  work. 
Stated  simply,  it  is  found  that  the  electrical  tension  along  the 
line  operating  at '50,000  or  60,000  volts  renders  the  use  of  wires 
smaller  than  about  f '^  diameter  a  dangerous  expedient,  resulting 
in  important  losses,  which  again  points  to  the  fact  that  high 
potential  long  distance  transmissions  cannot  be  successfully  car- 
ried out  unless  the  power  to  be  transmitted  is  in  itself  large, 
warranting  the  use  of  conductors  of  great  size. 

The  important  phenomena  which  rise  to  view  in  carrying  out 
the  long  distance  problem  have  now  been  presented,  and  it  re- 
mains only  to  call  attention  to  the  fact  that  in  this  long  distance 
transmission  work  extraordinary  precautions  must  be  taken  to 
maintain  the  permanence  of  supply.  Long  distance  transmission 
means,  as  we  have  said,  large  powers;  and  large  powers  delivered 
at  distant  points  presuppose  important  engineering  undertakings 
at  the  delivery  end  of  the  line  which  call  for  absolute  continuity 
of  supply.  The  poles  must  be  selected  and  erected  with  more 
than  ordinary  care.  The  lines  must  be  constantly  patrolled. 
Trees  cannot  be  simply  trimmed,  but  a  right  of  way  almost  as  wide 
as  a  railroad  right  of  way  secured,  and  all  obstructions  of  the  na- 
ture of  trees  which  may  fall  across  the  line  in  high  winds 
removed.  The  use  of  the  ordinary  insulating  materials  in  power- 
houses and  supply  stations,  such  as  paraffined  wood  and  paraffined 
marble,  mast  be  entirely  abandoned  or  relied  upon  only  as  minor 
auxiliaries,  and,  finally,  wherever  it  is  possible,  either  steam  or 
storage  battery  auxiliaries  at  the  delivery  end  of  the  line  fur- 
nished. It  seems  almost  unnecessary  to  call  attention  to  the 
design  of  the  apparatus  in  the  generating  station,  but  it  is  per- 
haps well  to  mention  the  fact  that  the  generator  and  transformer 
designers  may  aid  the  installing  engineer  very  materially  by 
paying  particular  attention  to  regulation  at  the  lower  power  fac- 
tors even  at  the  cost  of  somo  efficiency,  should  that  be  necessary. 
The  designer  should  always  remember  that  regulation  in  long  dis- 
tance transmission  is  regulation  at  other  than  unity  power  factor. 
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The  engineering  problem,  therefore,  by  its  very  bigness  is  one 
requiring  the  most  carefnl  solution  at  its  every  step,  and  the 
fact  thatit  if  being  now  successfully  carried  out  merits  the  highest 
praise  both  toward  the  engineers  in  designing,  and  the  in- 
vestors whose  faith  in  their  engineers  permits  the  employment 
of  the  necessary  capital  to  do  the  work  thoroughly. 

The  points  made  in  this  paper  have  all  at  one  time  or  another 
been  particularly  discussed  before  the  Institute,  and  the  writer 
only  ventures  to  bring  them  together  in  this  sketch  in  the  hope 
that  new  points  of  view  may  be  attained  by  their  discussion  in 
relation  to  the  whole  problem. 
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THE  INDUCTION  MOTOR  AND  THE  ROTARY  CON- 
VERTER AND  THEIR  RELATION  TO  THE 
TRANSMISSION  SYSTEM. 


BY   OHAB.    F.    800TT. 

Two  important  functions  of  an  alternating  current  transmission 
system  are  the  production  of  mechanical  power  and  the  furnishing 
of  direct  current. 

The  induction  motor  and  the  rotary  converter  have  become  the 
usual  means  of  transforming  energy  into  these  forms.  The  wide 
extent  to  which  they  are  now  used  is  a  notable  feature  of  recent 
electrical  progress.  An  examination  of  their  behavior  in  service, 
especially  in  connection  with  other  apparatus  which  might  be 
used  for  the  same  purposes,  will  indicate  the  particular  character- 
istics which  have  made  them  so  successful.  Occasion  will  betaken 
also  to  note  some  of  the  important  inter-relations  between  the 
various  kinds  of  receiving  apparatus  and  the  transmission  circuit 
and  the  generators  by  which  they  are  supplied  with  current. 

I. — The  Induction  Motob. 

Power  may  be  produced  by  the  synchronous  motor  or  by  the  in- 
duction motor.  A  comparison  between  the  two  motors  may  be 
made  by  placingin  parallel  columns  their  respective  characteristics 
in  services,  i.e.^  those  which  concern  the  operation  rather  than  the 
design.  An  induction  motor  with  a  secondary  of  the  "  squirrel 
cage"  type,  started  by  applying  a  low  e.  m.  f.  to  the  primary,  is 
taken  for  comparison — ^the  description  will  require  modification 
in  some  particulars  if  the  secondary  circuit  is  provided  with 
adjustable  resistance.  These  are  of  minor  importance  and  do  not 
affect  the  general  comparison. 

871 
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Sykoheonous  Motor.  Induction  Motor. 

AUXILIARY  APPARATUS. 


1.  A  starting  motor;  or,  if  self- 
starting,  some  form  of  resist- 
ance or  transformer  for  reduc- 
ing the  yoltage. 


9.  An  exciter,  driven  by  the  motor 
or  otherwise,  with  circuits  to 
switchboard  and  motor. 

t.  Rheostats  for  exciter  and  motor. 

4.  Instruments  for  indicating  when 
field  current  is  properly  ad- 
justed. 


1.  A    two-way    main    switch   with 

auto  transformers  giving  a 
low  K.  M.  F.  for  starting. 
This  may  be  located  at  any 
distance  from  the  motor. 

2.  No  exciter  is  required. 


8.  No  field  rheostats  are  required. 
4.  No  instruments  are  required. 


5.  Main  switch  and  exciter  switches.         5.  No  exciter  switches  are  required. 


6.  A  friction  clutch  is  required  in 
many  ( 


0.  No  friction  clutch  is  required,  as 
the  motor  starts  its  load. 


CONSTRUCTION. 


1.  Armature  winding. 

8.  Field  winding  with  many  turns. 
Liable  to  accident  from  *'  field 
discharge**  if  exciting  current 
is  suddenly  broken;  or  from 
high  B.  M.  F.  by  induction 
from  the  armature  if  the  field 
circuit  is  open. 

8.  Collector  rings  and  brushes. 


1.  Primary  winding. 

8.  Secondary,  short-circuited. 


8.  No  moving  contacts  on  **squirrel 
cage'*  secondary. 


STARTING-NORMAL. 


1.  Motor  is  brought  up  to  speed 
without  load ;  if  starting  motor 
is  used,  the  main  motor  must 
be  brought  to  proper  speed 
and  *' synchronized^';  if  self- 
starting,  the  starting  devices 
must  ht  cut  out  of  circuit  at 
proper  time. 

8.  Bxciter  is  made  ready  for  de- 
livering proper  current  and 
the  motor  field  must  be  ex- 
cited, adjustments  being  made 
\yf  rheostats  until  instruments 
give  proper  indication. 

8.  Load  is  thrown  on   by   friction 
clutch  or  other  means. 


Throw   switch   to   starting 
then  to  running  position. 


and 


8.  There  is  no  exciter.  (The  motor 
is  magnetized  by  lagging  cur- 
rent from  the  generator.) 


8.  The  motor  starts  its  own  load. 
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Synohbonods  Motor  Induction  Motob. 

STARTING— ABNORMAL. 


1.  If  the  several  operations  in  start- 

ing be  performed  improperly 
or  in  wrong  order  injury  roaj 
result.  If  a  starting  motor  is 
used  the  synchronizing  may 
be  attempted  at  an  improper 
speed  or  phase;  if  the  motor  is 
self-starting  and  it  is  con- 
nected to  the  circuit  without 
the  starting  devices  a  large 
current  will  flow  which  may 
induce  a  high  b.  m.  f.  in  the 
field  circuit;  if  the  field  circuit 
be  open  a  high  s.  m.  f.  may 
be  induced  in  it  at  other  times 
also. 

2.  If  a  load  having  inertia  be  ap- 

plied by  closing  the  friction 
clutch  too  quickly  the  motor 
may  be  overloaded  and 
stopped. 

8.  If  motor  stops  owing  to  failure 
of  current  supply,  it  is  not  self- 
starting  when  the  current  re- 
turns. An  attendant  is  always 
required  for  starting. 


The  only  possible  error  is  in 
starting  with  the  switch  in  the 
running  or  full  voltage  posi- 
tion, which  simply  causes  the 
motor  to  exert  a  greater  torque 
and  consume  a  greater  cur- 
rent than  is  necessary. 


2.  The   motor   starts   its  own  load 
and  requires  no  friction  clutch. 


8.  The  motor  will  stop  if  the  cur- 
rent is  cut  off  at  the  power 
house  and  then  start  again 
when  the  current  is  supplied 
to  the  circuit. 


STARTING  AND  MAXIMUM  RUNNING  TORQUE. 


The  starting  torque  of  the  self- 
starting  motor  is  very  small 
and  an  excessive  current  is  re- 
quired for  developing  it.  The 
motor  starts  as  an  induction 
motor,  but  inefficiently*  as  the 
design  which  is  best  for  syn- 
chronous running,  is  not  good 
for  starting. 

The  maximum  torque  is  several 
times  the  full  load  torque,  and 
occurs  at  synchronous  speed; 
below  this  speed  the  torque  is 
verj  small;  any  condition 
which  momentarily  lowers  the 
speed  causes  the  motor  to  stop. 


1 .  The  starting  torque  is  adjustable 
and  may  be  several  times  full 
li>ad  torque. 


The  maximum  torque  is  usually 
greater  than  that  of  the  syn- 
chronous motor,  but  it  occurs 
at  a  reduced  speed  and  there 
is  a  large  torque  at  lower 
speeds. 
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Synchronous  Motor. 


Induction  Motor. 


SPBED. 


The  motor  has  a  single  definite 
speed;  at  other  speeds  its 
torque  is  yery  small  and  the 
current  is  very  large. 


1. 


The  motor  may  be  designed 
for  a  practically  constant 
speed,  with  large  torque  at 
lower  speeds;  or  for  sereral 
definite  speeds  by  changing 
the  number  of  poles;  or  for 
yariable  speed  work,  such  as 
is  required  for  cranes,  elerat- 
tors,  noists  and  the  like. 


CURRENT. 


1.  If  there  is  useful  starting  torque 
the  current  required  for  pro- 
ducing it  is  very  great. 


8.  The  running  current  dei>ends 
upon  the  wave  form.  If  the 
wave  form  of  the  motor  and 
of  the  circuit  diffei-s,  a  cor- 
rective current  will  follow, 
which  cannot  beeliminated  by 
adjustment  of  field  excitation. 

8.  The  running  current  depends 
upon  uniformity  of  alterna- 
tions of  the  current,  i.  «., 
upon  the  uniformity  of  the 
speed  of  the  generator  and 
other  synchronous  motors. 
'  The  motors  attempt  to  follow 
the  generator  speed  exactly. 
If  the  latter  pulsates,  the  mo- 
tors  pulsate  also ;  they  vibrate 
about  a  mean  position,  "  hunt- 
ing" or  •*  pumping."  One 
motor  pumping  ii.cites  others. 
The  current  is  increased  even 
though  the  conditions  may 
still  be  operative. 

4.  The  running  current  depends 
upon  the  relation  between  the 
field  current  (which  is  adjusted 
by  the  attendant)  and  the 
B.  M.  F.  of  the  circuit.  The 
main  current  may  be  made 
leading  or  lagging  or  theoretic- 
ally it  may  be  neither.  The 
B.  M.  F.  of  the  circuit  is  an 
element  which  is  under  the 
partial  control  of  the  attend- 
ants at  every  motor  as  well  as 
at  the  generator  station. 


1.  The  starting  current  may  be 
made  proportional  to  the 
torque,  and  is  H  to  8^  timet 
that  required  for  the  same 
torque  at  high  speed. 

8.  The  running  current  is  practi- 
cally  independent  of  the  dif- 
ference in  wave  form,  as  it 
has  no  wave  form  of  its  own. 


8.  The  current  is  practically  inde- 
pendent of  fiuctuations  in 
generator  speed,  as  there  it 
a  slip  between  the  synchro- 
nous and  the  actual  sr^eed  of 
the  motor. 


The  current  is  not  subject  to 
any  adjustments  which  the 
motor  attendant  can  make, 
nor  is  the  s.  ar.  f.  of  the  cir- 
cuit  in  any  way  under  his 
control. 
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Stnohbonoub  Motor.  Induction  Motor. 

POWER  FACTOR. 


1.  Ab  the  power  factor  is  the  rela- 
tion between  actual  current 
and  energy-current,  it  is  de- 
pendent upon  wave  form» 
onnting  and  field  current. 
Under  favorable  conditions 
thf  motor  may  have  a  high 
power  factor;  under  many 
actual  conditions  it  may  not; 
under  some  conditions  the 
highest  attainable  power  factor 
is  less  than  that  of  the  induc- 
tion motor. 

S.  The  current  may  be  lagging  or 
leading,  depending  upon  the 
motor  field  strength. 


1.  The  power  factor  varies  with 
load,  but  is  definite  and  is 
practically  independent  of 
wave  form  and  hunting. 


The    current   to   the   motor 
always  a  lagging  current. 


REACTION  UPON  GENERATOR  AND  CIRCUIT. 


1.  The    motor   impresses    its    own 
wave  form  on  the  circuit. 


9.  A  motor  may  augment  the  fluc- 
tuations in  generator  speed  by 
the  oscillation  of  its  own  arma- 
ture. One  motor  may  increase 
the  disturbance  in  the  circuit 
so  as  to  interfere  with  other 
motors  which  would  not  have 
been  seriously  affected. 

3.  As   the   current  may   be   either 

lagging  or  leading,  the  drop  in 
E.  M.  F.  in  the  generator 
and  between  generator  and 
motor  may  be  either  more  or 
less  than  that  which  could  be 
caused  by  a  non-inductive  load 
or  by  an  induction  motor. 

4.  If  a  short-circuit  occurs  in  the 

transmission  system  the  motor 
acts  as  a  generator,  which 
thereby  greatly  increases  the 
current  and  the  intensity  of 
the  short-circuit. 


1.  The  motor  has  no  wave  form  to 

impress  u()on  the  circuit;  its 
tendency  is  to  smooth  out 
irregularities  in  a  wave  which 
is  noc  a  sine  wave. 

2.  The  motor  has  a  damping  action 

upon  fluctuations  in  frequ- 
ency ;  in  some  cases  a  synchro- 
nous motor  which  hunts  may 
run  smoothly  when  an  induc- 
tion motor  is  connected  to  the 
same  circuit. 


8.  The  drop  in  the  b.  u.  f.  is  always 

greater  than  would  be  caused 
y  non-inductive  load. 


4.  The  motor  does  not  generate 
current  when  there  is  a  short 
circuit. 
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Stnohbonous  Motob. 


IiTDnoTioN  Motor. 


BBAOTION  UPON  GBNEBATOB  AND  CIBCmT.— Continued. 

5.  The 


If  the  drcnit  is  opened,  either 
hj  a  switch,  a  circuit  breaker, 
a  fuse  or  the  breaking  of  the 
line,  the  motor  speed  falls,  its 
1.  M.  F«  is  no  longer  in  phase 
with  that  of  the  circuit;  the 
two  are  thereby  added,  thus 
doubling  the  normal  s.  k.  f. 
and  bringing  increased  strains 
on  the  insulation  and  the 
opening  devices. 


motor  does  not  generate 
■.  K.  F.  when  it  is  disoon- 
nected  from  the  circuit. 


CAUSES  WHICH  MAY  ACCIDENTALLY  STOP  A  MOTOR. 


1.  Momentary  lowering  of  b.  k.  f. 
caused  by  short-circuit  on  the 
line,  or  by  accident  at  another 
motor,  or  by  error  in  synchron- 
izing a  generator,  or  by  the 
"  switching  over"  of  the  motor 
from  one  circuit  to  another,  is 
apt  to  cause  the  motor,  par- 
ticularly if  carrying  loaa,  to 
fall  from  synchronism  and 
come  to  rest. 

8.  A  heavy  load,  even  momentary, 
may  exceed  the  limiting  torque 
and  cause  the  motor  to  drop 
from  synchronism,  eVen 
though  the  load  be  removed 
immediately.  The  connection 
between  generator  and  motor 
is  rigid. 

8.  If  the  generator  speed  suddenly 
increases,  a  motor  carrying  a 
load  having  inertia  may  be 
unable  to  increase  its  speed 
quickly  without  exceeding  the 
limiting  torque,  which  will 
cause  the  motor  to  stop. 


2.  Momentary  lowering  of  ■.  M.  f. 
causes  momentary  decrease  in 
speed. 


An  excessive  load  receives  the 
stored  energy  of  the  motor 
and  of  the  load  itself  as  the 
motor  falls;  when  the  excess 
load  is  removed  the  motor 
speed  increases  again.  The 
connection  between  generator 
and  motor  is  elastic. 

The  motor  readily  follows 
changes  in  generator  speed. 


SUMMARY. 


The  motor  is  an  etetive  element  in 
the  system :  it  acts  as  a  gener- 
ator in  impressing  its  own 
wave  form,  its  e.  m.  f.  and  its 
fluctuations  upon  the  circuit. 
These  fluctuations  may  be 
caused  by  an  intermittent  load. 


1.  The  motor  is  a  passive  element 
in  the  system .  Bach  motor  at- 
tends to  its  own  work  and 
does  not  try  to  run  the  system. 
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Sykcbeonous  Motor.  Induction  Motor. 

SUMMARY.— Continued. 


3.  The  motor  is  a  sensitive  element 
in  the  system.  Its  successful 
operation  is  dependent  upon 
a  proper  relation  between  the 
design  of  the  motor  itself  and 
of  other  machines  connected 
with  the  system.  Its  success- 
ful operation  also  depends 
upon  the  proper  adjustment 
and  freedom  from  speed  fluc- 
tuation in  generators  and  other 
motors.  It  is  liable  to  moment- 
ary variations  from  normal 
conditions,  such  as  a  sudden 
overload  and  sudden  increase 
of  generator  speed*  or  a  mo- 
mentary fall  in  B.  M.  F.  ' 

B.  The  motor  requires  skill  and  care 
on  the  part  of  the  attendant  for 
starling,  for  readjusting  and 
for  keeping  the  varioi  is  brushes 
aod  auxiliary  apparatus  in 
proper  condition. 

4.  The  power  factor  is  under  the 
control  of  the  operator  and 
the  current  may  be  made  lead- 
ing or  lagging.  Instruments 
are  necessary  in  order  that 
proper  adjustments  may  be 
made  by  the  attendant. 


6.  The  motor  and  its  operation  are 
complex  and  involve  many 
possibilities  of  accident. 


2  The  motor  is  not  sensitive  to 
differences  in  the  design  of 
other  apparatus  operating  on 
the  same  system. 


3.  No    experience     and    electrical 

skill  are  required  of  the  at- 
tendant and  there  is  little  or 
nothing  to  get  out  of  order 
either  through  carelessness  or 
design. 

4.  The  motor  has  a  definite  power 

factor,  depending  upon  the 
load;  the out>of-phase current 
does  not  vary  greatly  at  differ- 
ent loads.  The  changing  load, 
therefore,  has  comparatively 
little  effect  upon  the  drop  in 
voltage.and  in  regular  service 
there  is  little  liability  that  the 
motor  will  disturb  the  e.  m. 
p.  of  the  circuit. 

5.  The  motor  and  its  operation  are 

simple  and  reliable. 


The  synchronous  motor  is  obviously  not  suitable  for  general 
distribution  of  power,  owing  particularly  to  its  lack  of  starting 
torque,  the  skill  required  in  attendance  and  the  liability  of  the 
motor  to  stop  if  the  conditions  become  abnormal.  These  objec- 
tionable features,  however,  are  of  much  less  importance  when 
motors  are  installed  in  sub-stations  or  ai-e  of  suflSciently  large  size 
to  justify  an  attendant. 

The  characteristic  of  the  synchronous  motor  which  may  be 
particularly  advantageous  is  the  fact  that  the  power  factor  of  the 
current  can  be  varied  and  that  the  current  may  be  made  leading. 
In  this  way  the  current  required  and  the  drop  in  the  generator 
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and  transmission  circuit  may  be  reduced.  If  the  motor  is  used 
on  a  circuit  supplying  induction  motors  the  synchronous  motor 
may  be  given  a  leading  current,  thus  neutralizing  the  lagging 
current  to  other  motors.  The  extra  current  taken  by  the  syn- 
chronous motor  for  this  compensation  necessitates  a  larger  size 
than  would  otherwise  be  required. 

The  characteristic  of  the  induction  motor  which  is  usually  re- 
garded as  most  unfavorable  in  comparison  with  the  synchronous 
motor,  is  the  fact  that  its  current  is  always  a  lagging  current. 
In  a  comparison  with  synchronous  motors  only  large  sizes  should 
be  included,  as  synchronous  motors  of  small  size  are  not  to  be 
seriously  considered  in  practical  work.  The  induction  motors  of 
large  size  have  relatively  high  power  factors,  * .  «.,  the  out-of- 
phase  current  is  small.  Moreover,  this  current  is  definite  in  kind 
and  nearly  constant  for  diflFereut  loads,  so  that  it  is  a  definite  and 
constant  element  which  may  be  provided  for.  It  may  therefore 
create  less  disturbance  on  the  system  than  the  outof-phase  current 
of  the  synchronous  motor,  which  is  either  lagging  or  leading, 
large  or  small,  depending  upon  the  intelligence  and  care  of  the 
attendant  and  upon  other  conditions.  In  one  case  the  voltage  of 
the  system  is  under  the  control  of  the  attendant  in  the  power- 
house and  the  lagging  current  to  induction  moto]*s  which  are 
running  with  either  constant  or  varying  load  is  practically  con- 
stant. On  the  other  hand,  when  synchronous  motors  are  used, 
the  voltage  of  the  system  is  dependent  upon  all  the  motors,  and 
uncertain  or  disastrous  results  are  liable  to  be  caused  by  adjust- 
ments by  the  various  motor  attendants.  In  many  cases  it  is  far 
better  to  provide  the  generators  and  circuits  t^uitable  for  supply- 
ing the  lagging  current  required  by  induction  motors,  rather 
than  to  attempt  to  gain  the  theoretical  advantages  attending  the 
use  of  synchronous  motors,  as  the  securing  of  these  advantages 
requires  that  so  many  conditions  be  favorable.  At  best  the 
synchronous  motor  is  less  satisfactory  to  operate  and  is  far  more 
sensitive  to  abnormal  or  emergency  conditions  than  the  induction 
motor. 

The  foregoing  considerations  will  indicate  why  it  is  that  the 
induction  motor  has  taken  such  a  leading  place,  while  the  syn- 
chronous motor  has  been  less  favored  and  is  now  rarely  consid- 
ered seriously  as  a  competitor  of  the  induction  motor  exi-ept  in 
large  sizes. 
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11. — The  Rotary  Convebtbb. 

The  rotary  converter  is  in  its  relation  to  the  transmission  sys- 
tem essentially  a  synchronous  motor.  The  foregoing  character- 
istics of  the  synchronous  motor,  except  those  which  involve  a 
load  upon  the  motor,  apply  also  to  the  rotary  converter.  The 
starting,  however,  is  somewhat  simpler,  as  there  is  no  load  to 
accelerate  except  the  armature.  No  separate  exciter  is  necessary 
as  the  converter  can  furnish  its  own  direct  current  for  exciting. 
A  converter  may  be  compound-wound  so  that  as  it  is  loaded  the 
increased  excitation  changes  the  out-of-phase  current  in  such  a 
way  as  to  compound  the  voltage,  thus  overcoming  the  drop 
which  would  otherwise  occur  in  generator  and  transmission  cir- 
cuits; whereas,  the  synchronous  motor  would  cause  a  falling  off 
in  voltage.  The  rotary  converter  is  generally  used  in  units  of 
considerable  size  placed  in  sub-stations  having  skilled  attendants. 
For  these  reasons  the  operation  of  rotary  converters  does  not  in- 
volve BO  many  difficulties  as  that  of  synchronous  motors. 

Direct  current  is  obtained  from  alternating  circuits,  either  by 
the  rotary  converter  or  a  motor-generator,  in  which  either  a 
synchronous  or  an  induction  motor  is  employed. 

The  rotary  copverter  has  the  advantage  over  the  motor-gener- 
ator in  point  of  cost,  there  being  but  one  machine  instead  of  two; 
in  point  of  efficiency,  there  being  the  loss  in  one  machine  instead 
of  two  ;  and  in  its  effect  upon  the  voltage  of  the  transmission 
system,  as  it  may  be  compounded  to  overcome  the  drop  which 
would  otherwise  occur  in  generator  and  transmission  circuit.  On 
the  other  hand,  the  e.  m.  f.  of  the  direct  current  delivered  by 
the  converter  depends  upon  the  e.  m.  f.  received;  whereas,  the 
B.  M.  F.  of  a  motor-driven  generator  is  independent  of  the  e.  m. 
F.  of  the  supply  circuit  and  may  be  adjusted  or  compounded  as 
may  be  desired.  It  is  found  in  practice,  however,  that  the 
voltage  delivered  by  a  rotary  converter  can  be  satisfactorily  ad- 
justed and  controlled  by  regulating  devices  or  by  compounding 
so  that  usually  the  close  relation  between  the  e.  m.  f.'s  at  the 
two  ends  of  the  converter  is  not  disadvantageous,  provided  the 
E.  M.  F.  of  the  supply  circuit  is  reasonably  constant. 

This  statement  applies  to  those  cases  in  which  a  practically 
constant  voltage  is  desired.  There  are,  of  course,  special  cases 
in  which  the  voltage  is  to  be  adjusted  over  a  very  wide  range  or 
where  for  other  reasons  the   luotor-generator   is  to  be  preferred. 
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In  manj  cases  the  motor  may  be  used  either  with  or  without 
transformers,  whereas  they  would  be  required  with  a  rotary  con- 
verter. 

A  motor  generator  employing  a  synchronous  motor  does  not 
seem  to  possess  any  essential  advantage  over  the  converter 
except  that  sometimes  the  motor  may  receive  the  line  voltage 
without  transformers,  and  in  some  cases  the  independent  control 
of  the  direct  current  voltage  is  desired.  The  use  of  the  syn- 
chronous motor  does  not  remove  the  objections  to  the  rotary  con- 
verter, which  are  based  on  the  fact  that  it  is  a  synchronous 
machine. 

A  motor-generator  employing  an  induction  motor  has  the  ad- 
vantage of  employing  induction  instead  of  synchronous  apparatus; 
thereby  securing  many  of  the  advantages  set  forth  in  the  com- 
parison between  synchronous  and  induction  motors.  Circuits 
which  are  supplied  by  generators  in  which  the  speed  has  a  rapid 
and  periodic  fluctuation,  or  in  which  for  any  other  reason  the  use 
of  a  synchronous  machine  is  impracticable  or  undesirable,  may 
nevertheless  operate  an  induction  motor  driving  a  generator  with 
full  satisfaction.  The  various  characteristics  of  the  induction 
motor  under  emergency  conditions,  such  as  sudden  overload, 
momentary  interruption  or  lowering  of  the  voltage  of  the  supply 
circuit,  may  cause  little  or  no  inconvenience  if  the  induction 
motor  is  used,  whereas,  it  might  cause  serious  interruption  to  a 
rotary  converter  or  a  synchronously  driven  generator.  ThO'  in- 
duction motor  driving  a  generator  is  also  to  be  preferred  where 
units  are  quite  small  and  the  attendance  is  unskilled.  The  rotary 
converter,  like  the  synchronous  motor,  is  unsuited  for  general 
distribution  in  small  units. 

The  foregoing  statements  and  comparisons  involving  the  rotary 
converter  doubtless  comprise  the  principal  reasons  why  this 
apparatus  is  being  so  widely  adapted  and  is  in  such  general  use. 
To  indicate  the  wide  use  of  this  apparatus  it  may  be  stated  that 
the  Westinghouse  Electric  and  Manufacturing  Company,  with 
which  the  writer  isconnected,has  sold  over  400  rotary  converters. 
Of  this  number  30  per  cent,  are  for  a  frequency  of  60  cycles  or 
more.     The  aggregate  output  is  over  165,000  k.  w. 

Most  of  this  apparatus  is  now  installed  and  is  in  successful 
operation.  In  fact,  the  diflSculties  in  connection  with  the  install- 
ation and  operation  of  rotary  converters  on  circuits  which  are 
suited  for  them  are  trivial  and  do  not  materially  differ  in  amount 
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from   those  which    may   be   expected   to   occur  in    connection 
with  other  kinds  of  apparatus. 

The  very  wide  use  of  the  induction  motor  and  the  rotary  con- 
verter is  an  established  fact,  and  it  is  believed  that  many  of  the 
reasons  for  their  selection  in  pi'eference  to  other  kinds  of  appar- 
atus have  been  set  forth  in  the  foregoing  notes. 

III. — The  Alternator. 

Many  of  the  specific  relations  between  the  induction  motor  and 
the  rotary  converter  and  the  supply  system  have  been  indicated. 
There  is  obviously  a  close  relation  between  the  alternator  and 
the  apparatus  which  it  supplies.  The  conditions  are  radically 
different  from  those  involved  in  incandescent  lighting.  An 
alternator  which  may  be  quite  satisfactory  for  lighting  purposes 
may  be  highly  inadequate  for  successfully  supplying  current  for 
either  induction  motors  or  rotary  converters. 

For  supplying  current  to  induction  motors  an  alternator  should 
have  good  inherent  regulation.  The  lagging  current  taken  by 
induction  motors  requires  a  greater  increase  in  field  current  for 
maintaining  a  given  voltage  than  is  required  when  the  load  is 
non-inductive.  In  order  that  the  field  current  may  not  be  ex- 
cessive, the  generator  should  be  properly  proportioned  to  have 
close  regulation.  The  adjustment  of  the  field  current  by  exter- 
nal devices  is  not  a  wholly  satisfactory  substitute  for  close  inher- 
ent regulation.  Suddenly  changing  loads  or  the  throwing  on 
or  off  of  motors  causes  fluctuations  in  voltage,  as  the  external 
devices  cannot  act  quickly  enough  to  prevent  the  disturbance. 
The  necessity  of  good  inherent  regulation  is  all  the  more  neces- 
sary where  the  motors  are  large  in  proportion  to  the  size  of  the 
generator  and  where  loads  are  fluctuating. 

For  the  operation  of  rotary  converters  the  generator  speed 
should  be  uniform.  Engines  which  are  sufficiently  unifonn  in 
angular  velocity  to  enable  generators  to  run  successfully  in  mul- 
tiple may  nevertheless  be  unsuited  for  operating  rotary  conver- 
ters or  synchronous  motors.  It  is  preferable  also  that  generators 
for  operating  rotary  converters  should  have  good  inherent  regu- 
lation, not  only  in  order  that  the  e.  m.  f.  may  be  maintained  at 
heavy  loads,  but  also  for  the  purpose  of  holding  the  converter 
rigidly  in  synchronism.  If  the  alternating  field  is  comparatively 
weak,  as  is  usual  in  machines  of  poor  regulation,  there  may  be  a 
shifting  of  the  magnetic  field  back  and  forth  with  different  arma- 
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ture  currents,  quite  similar  to  the  shifting  of  lead  in  direct  cur- 
rent machines.  It  is  obvious  that  if  the  effective  position  of  the 
iield  poles  may  shift  back  and  forth,  this  shifting  is  com- 
parable with  fluctuations  iu  generator  speed,  and  becomes  a 
source  of  unsteadiness  in  the  sj'stem  which  may  contribute  to 
the  *' hunting"  of  rotary  converters.  This  shifting  may  occur 
aUo  in  a  machine  having  a  strong  iield  if  a  large  proportion  of 
the  magnetizing  force  is  absorlied  in  the  iron  of  the  Held  magnet, 
t.  ^.,  a  machine  witli  a  saturated  field.  Such  a  machine  may  have 
good  B.  M.  F.  regulation,  and  still  be  of  an  inferior  type  for  the 
driving  of  synchronous  machinery. 

It  followrJ,  therefore,  that  a  generator  which  is  to  supply  induc- 
tion motors  or  rotary  converters  should  be  selected  with  reference 
to  the  service  which  it  is  to  supply.  In  some  cases  unsatisfactory 
results  have  been  obtained  in  the  use  of  motors  or  converters, 
duplicates  of  those  which  have  given  full  satisfaction  elsewhere. 
The  trouble  has  been  located  in  fluctuating  speed  or  in  the  char- 
acteristics of  the  alternator  supplying  the  current. 

A  transmission  system  must  be  considered  as  a  unit  and  the 
inter-relation  between  the  alternator  and  the  apparatus  to  which 
it  supplies  power  must  be  fully  considered. 

The  theoictical  arguments  which  are  occasionally  urged  against 
the  alternating  system,  the  induction  motor  and  the  rotary  con- 
verter, find  their  most  effective  answer  in  the  plants  which  are 
now  in  operation  and  in  their  record  of  service. 

The  induction  motor  and  the  rotary  converter  to-day  represent 
the  survival  of  the  fittest,  and  confirm  the  judgment  of  those 
engineers  who  have  consistently  and  persistently  advocated  their 
use. 


Digitized  by  VjOOQLC 


A^p€rpr€9€nt§dattk*  i8th  Anutial  Convention  of 
the  American  Institute  of  Electrical  Rngineert^ 
Buffalo t  August  29nd^  tgoi^  Vice-President 
Dunn  in  the  Chair. 


THEORETICAL  INVESTIGATION    OF    SOME   OSOIL- 

LATIONtf  OF  EXTREMELY  HIGH  POTENTIAL 

IN  ALTERNATING  HIGH  POTENTIAL 

TRANSMISSIONS. 


BY   CHA£LE8   PBOTEUS   STEINMETZ. 


In  the  following  I  intend  to  give  a  section  of  a  series  of 
investigations  extending  over  some  years,  on  the  effect  of  the 
exponential  term  in  the  general  equation  of  alternating  cur- 
rent: 

If  a  sine  wave  of  e  m.  f.  is  impressed  upon  a  general  electric 
circuit  containing  resistance,  inductance  and  capacit}',  the  ulti- 
mate current  is  a  sine  wave  also.  In  the  moment  of  closing  the 
circuit,  however,  or  in  any  other  way  changing  the  circuit  condi- 
tions, upon  the  sine  wave  of  current  an  exponential  term  is  super- 
imposed, of  the  general  character : 

I  A,  €  -^»  "P 

In  a  single  circuit  containing  only  resistance  r  and  inductive 
reactance  or,  only  one  exponential  term 

r 

At    ^ 

appears.     In  a  system  of  such  circuits,  directly  or  inductively 
connected  with  each  other,  a  series  of  exponential  terms  appear, 
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the  exponents  of  which  are  determined  as  the  roots  of  an  eqaa- 
tion  of  nth  degree. 

If,   however,   a   circuit   contains  resistance,   inductance  and 
capacity  in  series,'  two  exponential  terms 

exist,  where  a^  and  a^  are  the  roots  of  a  quadratic  equation,  and 
either  real  or  complex  imaginary.  In  the  latter  case  the  exponen- 
tial term  resolves  into  the  form  : 


€        ^  I  ifj  cos  f'  +  i^a  sin  (p  !• 


an  electric  oscillation. 

With  several  circuits  of  general  character  connected  with  each 
other  directly  or  inductive) y,  a  series  of  exponential  terms 

appear,  in  which  the  exponents  a^  are  the  roots  of  an  equation  of 
27ith  degree,  which,  when  complex  imaginary,  give  electrical 
oscillations,  and  the  coefficients  ^j  depend  on  the  initial  conditions 
of  the  circuits.  Thus  in  such  a  system  of  circuits  a  number  of 
superimposed  oscillations  may  occur,  of  different  frequencies  and 
intensities. 

Under  certain  conditions  by  such  oscillations  caused  by  a 
change  of  circuit  conditions,  destructive  voltages  may  be  pro- 
duced. 

The  first  time  I  noticed  such  a  phenomenon  was  when  making 
a  series  of  observations  on  the  effect  of  opening  a  high  potential 
circuit  with  different  types  of  circuit-breakers,  on  an  artificial 
line  consisting  of  inductive  coils  and  about  half  a  mile  of  high 
potential  cable, with  a  spark  gap  between  needle  points  connected 
across  the  system,  to  measure  an  instantaneous  rise  of  voltage. 
If  the  needle  points  were  brought  so  close  together  that  a  dis- 
charge occurred  between  them,  invariably  by  the  short-circuiting 
of  the  system  across  the  needle  points,  an  extremely  high  voltage 
was  induced  locally  in  the  system,  of  a  total  striking  distance 
reaching  as  high  as  40",  that  is  between  one-quarter  and  one- half 
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millioD  volts,  the  normal  voltage  of  the  ejstem  being  about 
10,000. 

The  phenomenon  is  probably  as  follows :  By  striking  between 
the  needle  points  shunting  the  circuit,  the  system  was  short-cir- 
cuited and  thus  instantly  drained  of  its  electro-static  charge,  so 
that  the  potential  locally  fell  to  practically  nothing,  while  an 
excessive  current  passed  between  the  needle  points  as  arc.  By 
the  heating  effect  of  this  current  the  arc  was  instantly  blown 
out  explosively  and  thus  the  short-circuit  current  of  the  system 
ruptured.  After  the  explosion  the  discharsre  between  the  needle 
points  again  short-circuited,  interrupted  itself,  etc.  The  phe- 
nomenon is  thus  of  similar  character,  but  injBnitely  greater  power, 
than  the  action  of  the  Wehnelt  interrupter,  the  latter  depending 
upon  the  combined  effect  of  self-induction  and  electrolytic  polar- 
iziition,  while  the  phenomenon  I  observed  occurred  with  self- 
induction  and  capacity. 

Since  that  time  in  a  number  of  instances  of  high  potential 
circuits  electrical  discharges  were  noticed,  of  striking  distances 
many  times  greater  than  that  of  the  normal  potential  of  the 
aystein,  under  circumstances  where  a  short-circuiting  arc  inter- 
rupted itself  in  the  open  air.  A  short-circuit  in  a  constrained 
space,  as  a  buried  cable,  does  not  appear  to  give  this  effect. 

From  this  and  other  reasons  I  was  led  to  believe  that  a  short- 
circuiting  high  potential  arc  in  free  space,  in  a  system  containing 
self-induction  and  capacity,  is  a  self-interrupting  phenomenon, 
and  thus  may  cause  very  serious  high  potential  effects.  On 
any  high  potential  limited  power  transformer  this  phenomenon 
can  be  observed  by  an  entire  change  of  the  character  of  the  arc 
between  the  high  potential  terminals  when  inserting  capacity  in 
fihunt.  From  the  flame  of  the  steady  and  noiseless  arc,  which 
curves  upward  by  its  heat,  the  discharge  changes  to  the  glaring 
white,  noisy,  lightning-like,  destructive  high  potential  oscillation. 
This  change  can  be  shown  photographically,  the  photographs 
giving  in  the  former  case,  that  is  absence  of  capacity,  the  stria- 
tions  of  the  successive  half  waves  of  the  impressed  frequency, 
while  in  the  latter  case  they  show  a  system  of  successive  electro- 
static sparks  not  followed  by  the  striated  alternating  arc  flame. 
As  shown  by  Mr.  W.  S.  Andrews,  a  number  of  oscillating  dis- 
charges may  occur  during  the  same  half  wave  of  alternating 
primary  e.  h.  f. 

The  investigation  of  the  character  of  electric  oscillation  pro- 
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duced  by  a  short-circuiting  and  aelf-interrapting  arc  ie  the  pur 
pose  of  the  following.  The  bearing  of  this  phenomenon  on  high 
potential  engineering  is  obvious. 

If  in  a  transmission  line  of  impressed  voltage  «  =  JE'cos  {f — oi) 
carrying  current  /  cos  {ip  —  at — i),  the  circuit  is  opened  at  the 
receiving  end,  there  remain  in  circuit  the  line  capacity  in  series 
with  the  resistance  and  inductance  of  step-up  transformers,  etc., 
and  a  part  of  the  line. 

Let,  as  an  approximation,  the  line  capacity  be  represented  by 
a  condenser  shunted  across  the  center  of  the  transmission  line, 
and  let : 

r  =  resistance, 

Z  =  inductance,  thus  :     x  ^=>  2  n  N  L  =^  reactance  of  circuit 

between  constant  potential  generator  bus-bars  and  line  capacity 
(reduced  to  the  line  voltage). 
Let: 

C  =  capacity,  thus:  k  = ^^    =  capacity  reactance  of  line. 

Let  now  the  circuit  be  opened  at  the  moment :  ^  =  o,  or : 
f  =  (?,  and  at  the  moment  when  the  circuit  is  opened  : 

«o  =  potential  difference  at  line  condenser, 

Iq  =  current  in  line. 

If:  i  =  instantaneous  value  of  current  at  time  tj  it  is: 
K.  M.  F.  consumed  by  self-induction  : 

rdi 
Potential  difference  at  condenser  terminals : 


-hf" 


Idt 

Thus  the  differential  equation  of  the  phenomenon  is : 

e  —  ir—L$  —  l    Cidt^o 
dt       G  J 

or,  substituting: 

e  =  -fi'cos  {ip  —  oi) 
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E  COB  (tp —  o^)  —  ir  —  X  -^ Jc  I  i  d  ip  =^  Q 

dip  J 

€,  zzz  Jc  I  %  df  ^  ^  cos  (f  —  ai)  —  ir  —  x  -I 


Equation  (1)  difiierentiated : 


Emx{ip  —  (o)  +  Ai  +  r^  +  a?$^,  =  0 

dip         dip^ 


887 

(1) 
(2) 

(3) 


This  differeotial  equation  of  second  order  is  integrated  by  : 

i  ^  At"^^  +  B  008  {ip—  a  (4) 

Babstitating  (4)  in  (3)  gives  : 

{a?  X  —  ar  -^  k)  A  t     ^  +  sin(^  +  <y)  [^cos  {a  —  at) — rB] 


Hence : 


and  herefrom : 


+  cos  (f  —  a)  [jFsin  {if  —  (o)  —  (a?  —  k)  B] 

a?  X  —  ar-f-^  =  0 
^cos  {a  —  io)  —  r  B  =z  0 
Esin  {a  —  o})  —  {x  —  k)B-0 
A  =  indefinite, 
X  —  k 


(5) 


(6) 


tan  {a  —  a>)  = 


or,  by  denoting : 


tan  a    = 


k  —  X 


where  a  is  a  constant  of  the  circuit, 

ir  -=  io  —  oc 

E 


Further : 


(7) 


(8) 


B  = 


f/r»  +  (a?  —  kf 
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or,  denoting : 


where  £o  i^  &  constant  of  the  circuit, 

B  =1 

snd  or   is,  as  root  of  a  qnadratio  equation : 

r  ±   Vr'  —  ^xk 


TAng.  » 
(9 

(10) 


a  =: 


2fl) 


Since  the  inductive  reactance  x  is  of  the  same  magnitude  as 
the  resistance  r,  the  capacity  reactance  A*,  however,  that  is  the  re- 
actance of  the  line  as  condenser,  of  higher  magnitude  than  r  or 
x^  it  is  always: 


that  is, 

Substituting : 

it  is: 


l//^  _  4  aj  ;j.  IS  imaginary 


?  =   V4.xk  —  f^ 


a  = 


^r  ±  f  q 


2x 


(11) 
(12) 


and  the  integral  equation  of  the  problem  is : 


t  =  A  €       '^^-f^,«       5i«^  +  — cos(f  —  i»  +  a)(13) 


that  is : 


Substituting  the  trigonometric  expressions: 


t      8*^  =  COS -^^  +^8m  JL, 


-•^£f 


=  cos  JL  (p  —  7  sin   -21  ^ 
2aj^       -^         2aj^ 
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and  rearitoging,  it  is : 


i: 

r 

=  e     Jte  ,  (^^  -f.  A2)  cos 

-i(4. 

- 

+  ^cos 
^0 

{<p  —  to  -\-  <x 

) 

or 

y  substituting : 

A  + 

At  = 

0.     1 

1 

i(A 

-A,) 

=  Ci 

1 

it 

is: 

=  e      58aj^(ci 

cos  -il  tf)  - 

-  C%  sin 

H 

where 

Ci  and  O2  are  determined  by  the  circuit  conditions  at  ^  =  0. 

The  potential  difference  at  the  condenser  terminals  is,  by  sub- 
stituting (14)  in  (2) : 

#,  =  e"^*^|  O,  (2sin  /  ^-^cos.l  A+cHcon±  <p 
^  I        V2         2a?^       2         2a?  ^/^     \2         2x^ 

+  !:  sin  _£  ^^  I 
^2         2x.n 

I  At  'Ml 

-f-  jF-J  cos  (^  —  <o)  —  -  cos  {(f  —  io-{-  oc  )  +  -  sin  (^ — cn-f-  ^^  )  r 


or,  substituting : 


r  X        k    .     . 

«  =  cos  cy    _  =  -  -|-  8in  oc  : 
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+  ^  E%\si{ip  —  ia+  or  )  (15) 


At  time :       <  =  0,  or :  ^  =  0,  it  is,  substituting  in  (14)  and  (15) 


to  =  6\  H cos  (^«>  +  Of  ) 

*o  =  -  r  6',  +  I  6",  -  *  ^Bln  («  +  «  ) 
and  herefrom : 


Cx=^  %  —  —  cos  (a*  -|"  *  ) 


(16) 


Q^  ^  2  ^0  +  ^  4  ^  A  [2  jfcsin  (ctf  +  «  )— 7«eo8(tt>+cic  )] 

Substituting  (16)  in  (14)  and  (16),  gives  : 
Current  : 

i  =  _-  cos  (f  —  w  +  "*  )  +  «""^  1     *o —  —  cofl(a>4-i  )   cosi^^ 
Zm  (  L         00  J      3j?^ 


Potential  Difference  at  Condenser : 


^  =  i^sin(^  — a;+«  )+e    ^J'^  j  \  e^ +t  EAn{<o—'x  )\qo%  ^^  ip 

+  P^^  +  f  +  g!)io  +  ^(2>fc.sin(..-oc) 
^L  2y  2j«o 

—  (^  +  ?")  cofl  (CO  —  oc  )J  sin  X  ^  I 

These  equations  (17)  can  be  essentially  simplified  bj  neglect- 
ing terms  of  secondary  magnitude. 

A;  is  in  high  potential  transmission  lines  or  cables  always  very 
large  compared  with  r  and  x. 
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The  full  load  resistance  and  reactance  voltage  may  vary  from 
less  than  five  per  cent,  to  about  20  per  cent,  of  impressed  volt- 
age, the  charging  current  of  the  line  from  five  per  cent,  to  about 
20  per  cent,  of  full  load  current,  at  normal  voltage  and  fre- 
quency. 

In  this  case,  k  is  from  25  to  more  than  400  times  as  large  as  r 
or  oj,  and  r  and  x  thus  negligible  compared  with  ]c. 

It  is  then,  in  close  approximation  : 

So  =  * 


(18) 


?  = 

2 

V^ 

B  = 

E 
h 

oc  = 

n 
2 

= 

q^ 

Substituting  these  values  in  equations  (17),  gives: 
Current : 

%  =  — trsinCy?  — a)  +  e    ^^  |  \h—  ^sina Icos  \/*^ 


L  2y^  2  y^' 


cos  ^  +  t  si'^ 

A5 


(ti)     sin  \/*_  ip  \ 
(19) 


Potential  Difference  at  Condenser : 

«,  =  jF  cos  (^  —  ^)  +  «     ^*    ]  [^  —  E  cos  oi]  cos  \/z  ip 
^^r2_y^+(7^+^g^)io 


(2  r  cos  a; 


These  equations  consist  of  three  terms: 

*  =  t'  +  *"  +  i'"      ' 
«i  =  «i'  +  «i"  +  «. 


(20) 
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V  =  —  —  sin  (y?  —  fli) 
«/  =  jS*  COS  (y?  —  of) 


(21) 


=  —  ^   €     ^    I  sin  a;  cos  S/z.  f  —     V  *. 


COSO) 


«1 '  = 


r  __ 

i?  €       ^^     \  cos  re>   COS  V*     C?  +        — ^^ COS  i 

\  "^    a-  "^  ^  L2  4/^ 

+  -— ^ ' r:  sin  fi>     sin  V  -  ^    y 

or,  by  dropping  terms  of  secondary  order  : 
t"  =   — £^  e  -ai^cosoisinX/^ 


K22) 


9 


Vx  k 

r  

-5/'  =  —  E  e    2i^  cos  a>  cos  \/'i  if 

i'"  =  r^J'  \  i,  COS  Vlv-  ^^4=^  sin  V^   ?  } 

c  a;  ^VajA  x      ^ 

or,  by  dropping  terms  of  secondary  order  : 

T  ^ 

*'"  =  e  "2i^  i  i;,  cofl  \/klf  —  _  ^:^  sin  a/*  v*  I 

V"  =  -^  "-^^  j  ^„  cos  \/C y  +  io  /V/"*"  sin  \/€  [ 

^  X  X    ' 


(23) 


(24) 


}-  (--5) 
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Thus: 
lotal  Cm-rent^  approx : 


=  —  :f  sin  {ip  ^  co)-\-t     ^^^  \  to  cos  \/*  <p  . 


^  —  jE*  cos 


^  sin  S/^  ip  \ 

as        f 


Vx  k  X 

Diference  of  P(4ential  at  Condenser  : 

T 

^=^cos(^ —<«>)+£    2*    I  (^0 — ^cos  io)  cos  \/^_if 

'  X 

+  %  VxT  sin   V *.^   I 

X  i 


(26) 


Of  the  three  terms :  i\  e{\  i'\  ^/';  i''',  d/",  the  first  obviously 
represents  the  stationary  condition  of  charging  current  and  con- 
denser potential,    since     the    two     other  terms  disappear  for 

The  second  term,  V\  e{\  represents  that  component  of  oscilla- 
tion which  depends  upon  the  phase  of  impressed  b.  m.  f.,  or  the 
point  of  the  impressed  e.  m.  f.  wave,  at  which  the  oscillation  be- 
gins, while  the  third  term,  i'"^  e{'\  represents  the  component  of 
oscillation  which  depends  upon  the  instantaneous  values  of  cur- 
rent resp.  E.  M.  F.  at  the  moment  at  which  the  oscillation  begins. 
€— (r/2a;)  9  jg  ^^  decrement  of  the  oscillation. 

The  frequency  of  oscillation  is : 

X 

where  If  is  the  impressed  frequency.  That  is,  the  frequency  of 
oscillation  equals  the  impressed  frequency  times  the  square  root 
of  the  ratio  of  capacity  reactance  and  inductive  reactance  of  the 
circuit,  or  is  the  impressed  frequency  divided  by  the  square  root 
of  inductance  voltage  and  capacity  current,  as  fraction  of  im- 
pressed voltage  and  full  load  current. 
Since : 

1 


*  = 


^In  N  a 


,  aj  =  2  TT  iV^  /, 
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the  frequency  of  oscillation  is : 

1 


N.= 


IT    V^X 


that  is,  independent  of  the  frequency  of  the  impresaed  b.  m.  f. 
Sabstitnting : 

in  equations  (23),  (25),  and  (26),  it  is : 


*"  =  /V/?  ^e -<'•/'''>' cos  «,  sin  _i= 
e{'  =  —  Et  cos  01  cos 


^ITL 


U27) 


(28) 


(29) 


— (r/3X)t  i   .  t 

isi-^ZnJf  O  Fsm  {<p  —  cj)  +  B  I  ioCQB 

_(,,  _jg'coBa;)\/|Bin   -^} 

^as^cos  (?>— fl>)  +  e  ""^''/^^^  M  (^  _  ^  COS  o))  COB  — ^ 

+  io    \/?  sin  -L=  \ 
^         ^  C         VOLS 

The  OBOillating  terras  of  these  equations  is  independent  of  the 
impressed  frequency.  That  is,  the  oscillating  current  and  poten- 
tial difference,  caused  by  a  change  of  circuit  conditions  (as  start- 
ing, change  of  load  or  opening  circuit),  are  independent  of  the 
impressed  frequency,  and  thus  also  of  the  wave  shape  of  the  im- 
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pressed  e.  m.  f.,  or  its  higher  harmoDics  (except  as  regards  to 
terms  of  secondary  order). 

The  first  component  of  oscillation,  equations  (22)  and  (23),  be- 
sides upon  the  line  constants  and  upon  the  impressed  e.  m.  f., 
depends  only  upon  the  phase,  or  the  point  of  the  impressed  e.  m. 
F.  wave,  at  which  the  oscillation  starts,  but  does  not  depend  upon 
the  previous  condition  of  the  circuit. 

Therefore  this  component  of  oscillation  is  the  same  as  the  oscil- 
lation produced  in  starting  the  transmission  line,  that  is,  connect- 
ing it,  unexcited,  to  the  generator  terminals. 

There  exists  no  point  of  the  impressed  e.  m.  f.  wave,  where  no 
oscillation  occurs  (while,  when  starting  a  circuit  containing  resist- 
ance and  induction  only,  at  the  point  of  the  impressed  e.  m.  f. 
wave,  where  the  final  current  passes  zero,  the  stationary  condi- 
tion is  instantly  reached). 

With  capacity  in  circuit,  any  change  of  circuit  conditions 
involves  an  electric  oscillation. 

The  maximum  intensity  of  starting  oscillation  occurs  near  the 
value :  a=o,  and  is : 


Since : 


^  '  =  e  sm  'y  1  9? 

Vxk  X 


X 


i'  =—  -  sin  {f  —  a>) 


(30) 


is  the  stationary  value  of  charging  current,  it  follows : 

The  maximuu)  intensity  which  the  oscillating  current  produced 

in  starting  a  transmission  line  may  reach,  is  V  -.   times  the  sta- 

X 

tionary  charging  current,  or  the  initial  rush  of  current  bears  to 
the  stationary  value  the  same  ratio  as  the  frequency  of  oscillation 
to  the  impressed  frequency. 

The  maximum  oscillating  e.  m.  f.  induced  in  starting  a  trans- 
mission line  is  of  the  same  value  as  the  impressed  £.  m.  f.  Thus 
the  maximum  value  of  potential  difference  occurring  in  a  trans- 
mission line  at  starting  is  less  than  twice  the  impressed  e.  m.  f. 
and  no  excessive  voltages  can  be  induced  in  starting  a  circuit. 
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Tho  minimam  value  of  starting  oscillation  occurs  near:  01=90^, 
and  is,  from  equations  (22) : 


^f 


k  ^  X 


jl^^-irm^^.^    lie 


(31) 


That  is,  the  oscillating  current  is  of  the  same  intensity  as  the 
charging  current,  and  the  maximum  rush  of  current  thus  is  less 
than  twice  the  stationary  value.  The  potential  difference  in  the 
circuit  rises  only  little  above  the  impressed  e.  m.  f. 

The  second  component  of  oscillation,  equations  (24.)  (25.),  does 
not  depend  upon  the  point  of  the  impressed  e.  m.  f.  wave,  at 
which  the  oscillation  starts,  a;,  nor  upon  the  impressed  e.  m.  f.  as 
a  whole,  E^  but,  besides  upon  the  constants  of  the  circuit,  it  only 
depends  upon  the  instantaneous  values  of  current  and  of  poten- 
tial difference  in  the  circuit  at  tho  moment  where  tbe  oscillation 
starts,  4  And  e^. 

Thus,  if :  4  =  0,  e^  =  0,  or  iu  starting  a  transmission  line,  un- 
excited,  by  connecting  it  to  tho  impressed  k.  m.  f.,  this  term  dis- 
appears. 

It  is  this  component  which  may  cause  excessive  potential  dif- 
ferences. 

Two  cases  shall  more  fully  be  discussed. 

{a.)  Opening  the  circuit  of  a  transmission  line  under  load. 

(ft.)  Kupturing  a  short-circuit  on  the  transmission  line. 

A. 

If  ^0  is  ^b&  instantaneous  value  of  full  load  current,  Bq  the  in- 
stantaneous value  of  difference  of  potential  at  the  condenser,  it  is : 

H  small  compared  with  e^ : 

Vxk  ^  o^  ^^^  same  magnitude  as  e^ 
Denoting : 

tan  d  =    ,    \_ 
hVxk 

it  is,  substituting  in  equations  (24) : 
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'"' =  .'^^•""""  Hn^ + ') 


(/1^  +  ') 


(38) 


That  is,  the  amplitude  of  OBcillation  is 

for  the  current,  /^^^  +  to'  »  A  for  the  e.  m.  f.  Thus  the  in- 
duced £.  M.  F.  can  be  larger  than  the  impressed  e.  m.  f.,  but  is,  aa 
a  rule,  still  of  the  same  magnitude,  except  if  A  is  very  large. 

In  the  expression  of  the  total  current  resp.  potential  difference 
at  condenser,  in  equations  (26.),  {e^ — E  cob  oi)  is  the  difference 
between  the  potential  difference  at  the  condenser  and  the  im- 
pressed E.  M.  F.,  at  the  instant  of  starting  of  the  oscillation,  or 
the  voltage  consumed  by  the  line  impedance,  and  this  is  small,  if 
the  current  is  not  excessive.  Thus,  neglecting  the  terms  with 
(«o — E  cos  a>),  equations  (26.)  assume  the  form  : 


t  =  —  _  sm  (y?  —  <w)  +  ^  e  cos  'y  f  f 

„         ,  V    .    .      . — (r/2aj)0     .  I'-L 


(33) 


That  is,  the  oscillation  of  current  is  of  the  amplitude  of  full 
load  current,  and  the  oscillation  of  condenser  potential  is  of  the 

amplitude  %  V  ^  *• 

X  k  IB  the  ratio  of  inductance  voltage  to  condenser  current,  in 
fractions  of  full  load  voltage  and  current.     It  is  also : 

io  Vxk-  %  J^ 

Thus  in  circuits  of  very  high  inductance  L  and  relatively  low 
capacity  (7,  %  ^ITk  ^^1  be  much  higher  than  the  impressed 
E.  M.  f.,  and  a  serious  rise  of  potential  occur  in  opening  the  cir- 
cuit under  load,  while  in  low  inductance  cables  of  high  capacity, 
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i>  Vxh  ^^  moderate.  That  is,  the  inductance,  by  tending  to 
maintain  the  current,  indnces  a  rise  of  potential,  while  capacity 
exerts  a  cashioning  effect.  Low  inductance  and  high  capacity 
thus  are  of  advantage  when  breaking  full  load  current  in  a 
circuit. 

B. 
If  a  transmission  line  containing  resistance,  inductance  and 
capacity  is  short-circuited,  and  the  short-circuit  suddenly  opened 
at  time  ^  =  0,  it  is,  for :  ^  <  0 : 

<?o  =  0 

t  =  —  cos  (  <p —  a>  — j) 

where:  z  =   /^^  -|_  aj» 

r 

thus,  at  time  :  ^  =  0 

io  =  ^  QO^{io+j)  (35> 

z 

Substituting  these  values  of  %  and  to  in  equations  (24),  gives  r 

./'/       E       /     ,  .    — (»*/2«)^  (  11  r       .        /h     \ 

.r  =  f  CO. (»  +,v ^'^' ' t+^  ^   i\ , 

»  *Vxk  ^  X 

or,  neglecting  terms  of  secondary  nobgnitDde : 


*'"  =  —  e 


^.-<'-/=^>^  cos  («,+;•)  cos     ,/lf 


^..  =fV^, -<'•/««)♦  eos(«+i)  sin      ./If, 
z  y  X 


(36> 


That  is,  i'"  is  of  the  magnitude  of  short-circuit  current,  and 
V  of  higher  magnitude  than  the  impressed  e.  m.  f.,  since  z  ia 
small  compared  with  j^xTc. 
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The  total  valaes  of  current  and  condenser  potential  difference 
are,  from  equation  (26) : 

»  =  -  I  «n  (^  -  «»)  +  ^e -<'-/*'>^  j  [52!L(^ 


(37) 


*,'"  =  ^C08  (y>-0>)—  E  t  -<*"/^>^  j  COB  a>  COS       ,/*  . 

_  y^co8(<.>+^-)  ,i„     /i    ) 


or  approximately,  since  all  terms  are  negligible  compared  with 
♦'"and*,"': 


«  =  — e  cos  («» +^}  cos     /     f 

a  V  X 

^  _  -^  ygg  J  cos  (a>  +  j)  Bin      /*  f 

a  ^  X 


(38) 


These  values  are  a  maximum,  if  the  circuit  is  opened  at  the 
moment:  a  =  — jy  that  is  at  the  maximum  value  of  the  short- 
circuit  current,  and  are  then  : 


t  =  —  e    ,  cos 


fk 

^x 


9 


e,=  Mff,-<^/^^*  ,i^     rk 


\m 


am 


^x 


~  y 


The  amplitude  of  oscillation  of  condenser  potential  difference 


u: 


sHTk 


E 


or,   neglecting  the   line   reaiatance,  as    rough    approximation: 
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That  is,  the  potential  diflFerence  at  the  condeneer  is  increased 
above  the  impressed  e.  m.  f.  in  the  proportion  of  the  square  root 
of  the  ratio  of  capacity  reactance  to  inductive  reactance,  or  in- 
verse  proportional  to  the  square  root  of  inductance  voltage  times 
capacity  current,  as  fraction  of  impressed  voltage  and  full  load 
current. 

Thus  in  this  case,  the  rise  of  voltage  is  excessive. 

The  minimum  intensity  of  the  oscillation  due  to  rupturing 
short-circuit  occurs  if  the  circuit  is  broken  at  the  moment: 
a  =  90^  —  /,  that  is,  at  the  zero  value  of  short-circuit  current. 
It  is  then : 

♦  =  _-  cos  (^  -f-  7)  —  £  ^  \ COS       /l.U> 


6^^  =  E  em  {(p  +/)  —  E ^  s^"^  cos      .^z  f 

^  X 


(40) 


That  is,  the  potential  difference  at  the  condenser  is  less  than 
twice  the  impressed  e.  m.  f.,  thus  moderate. 

Hence,  a  short-circuit  can  be  opened  safely  only  at  or  near  the 
zero  value  of  the  short-circuit  current. 

The  phenomenon  ceases  to  be  oscillating,  and  becomes  an  or- 
dinary logarithmic  discharge,  if  i/^.^ 4  ^^  is  real,  or : 

Some  instances  may  illustrate  the  phenomena  discussed  in  the 
preceding : 

I. 

Let  in  a  transmission  line  carrying  100  amperes  at  full  load, 
under  an  impressed  e.  m.  f.  of  20,000  volts,  the  resistance  drop 
equal  8^,  the  inductance  voltage  15^  of  the  impressed  voltage, 
and  the  charging  current  S%  of  full  load  current.  Assuming  as 
resistance  drop  in  the  step-up  transformers,  1^,  and  as  reactance 
voltage  2i%, 

The  resistance  drop  between  constant  potential  generator  ter- 
minals  and  middle  of  transmission  line  is  then  5^,  or  r  =  10 
ohms.     The  inductance  voltage  is  10^,  or  »  =  20  ohms.     The 
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charging  current  of  the  line  is  8  amperes,  thus  the  capacity  re- 
actance k  =  2500  ohms. 

It  is  then,  assuming  a  sine  wave  of  impressed  e.  m.  f.  : 

E:=  20000  V2  =  28280  volts. 

i'  =  —  11.3  sin  {(p  —  ai) 
e^  =  28280  cos  \ip  —  w) 

i"  =  —  11.3  e  — -^^^  [sin  o>  cos  11.2  ip  —  11.2  cos  oi  sin  11.2  y>] 
e^'  =  —  28280  e  --^^  ^  j-^^g  ^^  cos  11.2  ^  —  .089  sin  to  sin  11.2  ip\ 


\ 

s 
< 

^5 

r 

\/ 

■>, 

i£^ 

/ 

I 

K 

> 

f 

/ 

\ 

/"N 

m 

/ 

1 

\ 

\ 

'   , 

\ 

/ 

X 

\ 

1 

^  \ 

r- 

4- 
/ 

~h 

v 

A 

— 

r 

\ 
\ 

\ 

1 
1 

^ 

N 

i 

1 

Sft. 

/    , 

1 

] 

\ 

/ 

7 

■^ 

V 



t 
L 

/ 

\ 
\ 

N 

1 

M 

10 

'/ 

\ 

\ 

I 

/ 

\ 

r^ 

^1 

-V. 

^ 

V 

1 
1 

—to 

r- 

1 

V 

— 

1 

— 

• — 

-V 

— 

H 

A 

— 

—5 

._. 

~S 

\ 

^ 

y 

— iO 

\ 

1 

\ 

\ 

1 

1 

\ 

\ 

/ 

-10 

\ 

1 

f 

1 

1 

\ 

T 
1 

/ 

\ 
\ 

1 

\ 
\ 

1 
1 

-10& 

/ 
/ 

\ 

/ 

U 

t 

IfA 

\ 

/ 

\ 

^ 

— I 

40  60  80 

DEOREES 

Fig.  1. 


Thus,  the  oscillation  producec^  in  starting  the  transmission 
line  is : 

t  =  —  11.3  [sin  (<p  —  w)  +  €  — -^^  ^  (sin  o)  cos  11.2  f 

—  11.2  cos  (o  sin  11.2  y>)] 

e^  =  28280  [cos  (<p  —  (o)  —  e  —-^^  ^  (cos  a;  cos  11.2  ^ 

—  .089  sin  Q>  sin  11.2  <p)] 

Hence  the  maximum  value,  for:  ft>  =  0 : 

t  =  —  11.3  (sin  ^  —  11.2  £  --^5  ^  sin  11.2  y^) 
tf,  =  28280  (cos  f — e  ""'^^  ^  cos  11.2  f ) 
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and  the  minimum  value,  for:  <a  =  90°: 

i  =  11.3  (cos  ip  —  e  --^5  f  cos  11.2  f) 

'  (sin  f  +  .089  e  --^  ^  sin  11.2  f  ) 


These  values  are  plotted  in  Figs.  1  and  2,  with  the  current  i  in 
dotted  and  the  potential  difference  «i  in  drawn  line.  The  sta- 
tionary values  are  plotted  also,  in  thin  lines. 

(a.)  Opening  the  circuit  under  full  load,  it  is : 
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Fig.  2. 


i  =  -  11.3  sin  (y  —  a>)  +  €  --^^  ^  (to  —  11.3  sin  to)  cos  11.2  f 
ei  —  28280  cos  {f  —  ai)  +  224  io  «  ^'^  ^  sin  11.2  f 

These  values  are  maximum  for  ai  =  0  and  non-inductive  cir- 
cuit, or :  io  =  141.4,  and  are  : 

i  =  —  11.3  sin  ip  +  141.4  ^  -•««  ^  cos  11.2  ^ 
iJi  =  28280  cos  f^  +  31600  e  --^^  ^  sin  11.2  <p 

These  values  are  plotted,  in  Fig.  3,  in  the  same   manner  as 
Figs.  1  and  2 : 
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(i.)  Rupturing  the  line  under  short-circuit,  it  is : 


thus: 


B  =  22.4 

«o  =  1265  cos  {w  +^' 

t  =  —  11.3  sin  (^  —  oi)  +  1265  t  "-^^  |[oo8  (a>  +J) 

—  .0089  sin  oi\  cos  11.2  f  +  .1  cos  oi  sin  11.2  f } 

^  =  28280  jcos  (y  +  oi)  —  fi  "••^*  ^  [cos  oi  cos  11.2  ip 

—  10  cos  {<o  +j)  sin  11.2^]} 
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These  values  are  a  maximum  for :  a*  =  — j  = 


\o  . 


t  =  —  11.3  sin  {if  +  68^)  +  1260  e  --^  ^  (cos  11.2  ip 

+  .044  sin  11.2  if) 

Si  =  28280  cos  {f  -t-  63^)  —  282,800  e  --^  i^  (.044  cos  11.2  y 

—  sin  11.2  y) 

That  is,  the  potential  difference  rises  about  tenfold,  to  282,800 

ToltS. 

These  values  are  plotted  in  Fig.  4. 
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In  the  instance  referred  to  in  the  beginning  of  the  paper, 
where  I  first  observed  the  destructive  voltage  induced  by  a  short- 
circuiting  arc,  on  an  experimental  10,000-volt  40-cjcle  line, 
during  the  occurrence  of  the  phenomenon  the  generator  voltage 
probably  fell  to  about  5,000,  due  to  limited  capacity.  The  re- 
sistance of  the  system  was  very  low,  about  r  =  1  ohm,  while  the 
inductive  reactance  may  be  estimated  as  a?  =  10  ohms,  and  the 
capacity  reactance  as  A;  =  20,000  ohms. 

It  is  thus :  tan  j  =  10,  or  approximately :  ;  =  90®. 


i 

r 

900 

1 

1000 

\ 
\ 

0 

i 

^\ 

•■A 

\ 

V 

/ 
/ 

y 

,/ 

\ 

r 

\ 

-400 

/ 

\ 

\ 

/ 

\ 

1 

v 

A 

K 

i 

'\ 

IM 

100 

/ 

\i 

\ 

i 

\ 

-  / 

/ 

\ 

1 

\ 

-MO 

/ 

\ 

\ 

^ 

/ 

/ 

\ 

\ 

/ 

/ 

\ 

\ 

y 

\ 

M 

[e' 

_ 

-^ 

I 

\ 

\ 

/ 

J — 

1 

i 

\ 

^ 

1 

/ 

\ 

9 

\ 

/ 

— 

h 

-- 

\- 

\ 

\ 

i 

f 

-r 

Z2 

P 

T 

— 

f- 

\ 

/ 

/ 

\  '■ 

\ 
\ 

\ 

1 

1 

f 

i 

/ 

/ 

/ 

Vh 

1- 

\ 

\ 

-WO 

\ 

/ 

/ 

- 

\ 
\ 

/ 

i, 

1 

\ 

\ 

L 

/_ 

\J^ 

y 

-- 

\ 

y 

\^ 

\ 

— 

OEOREEB 


FiQ.  4. 
Herefrom  it  follows : 

♦  =  707  e--^*^  cos  44.7  f 
e^  =  316000  e  --^^  ^  sin  44.7  if 

That  is,  the  oscillation  has  a  frequency  of  about  1,800  cycles, 
and  a  maximum  b.  m.  f.  of  nearly  one-third  million  volts,  which 
fully  accounts  for  its  disruptive  eflfects. 

As  conclusion,  it  follows  herefrom : 

1.  The  most  important  source  of  destructive  high  voltage  phe- 
nomena in  high  potential  circuits  containing  inductance  and 
capacity  are  not  resonance   phenomena  with  the  wave  of  ira- 
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pressed  e.  m.  f.  or  its  higher  harmoDies,  in  ease  of  the  deviation 
of  the  wave  from  sine  shape,  but  are  the  electric  oscillations  pro- 
duced b;  a  change  of  circuit  conditions,  as  starting,  opening 
circuit,  etc. 

2-  These  phenomena  are  essentially  independent  of  frequency 
and  wave  shape  of  impressed  b.  m.  f.,  but  depend  upon  the  con- 
ditions under  which  the  circuit  is  changed,  as  the  manner  of 
change  and  the  point  of  the  impressed  e.  m.  f.  and  current  wave 
at  which  the  change  occurs. 

3.  The  electric  oscillations  occuring  in  connecting  a  transmis- 
sion line  to  the  generator  are  not  of  dangerous  potential,  but  the 
oscillations  produced  by  opening  the  transmission  circuit  under 
load  may  reach  destructive  voltages,'  and  the  oscillations  caused 
by  interrupting  a  short-circuit  are  liable  to  reach  voltages  far 
beyond  the  strength  of  any  insulation.  Thus  special  precautions 
should  be  taken  in  opening  a  high  potential  circuit  under  load. 
But  the  most  dangerous  phenomenon  is  a  low  resistance  short- 
circuit  in  open  space. 

4.  The  voltages  produced  by  the  oscillations  in  open-circuiting 
a  transmission  line  under  load  or  under  short-circuit  are  mod- 
erate, if  the  opening  of  the  circuit  occurs  at  a  certain  point  of 
the  E.  M.  F.  wave.  This  point  approximately  coincides  with  the 
moment  of  zero  current. 

March,  1901. 
Schenectady,  N.  7. 
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THE  OONTEOL  OF  HIGH  POTENTIAL  SYSTEMS  OF 
LARGE  POWER. 

BY   B.  W.  BIOE,  JR. 


The  eDormous  increase  in  the  nse  of  electricity  for  lighting, 
traction  and  power  has  necessitated  important  changes  in  onr 
generating  stations.  As  the  areas  to  be  served  have  rapidly^ 
increased,  corresponding  increases  have  been  made  in  the  size 
of  these  stations  and  in  the  electrical  potentials  employed.  The 
change  has  been  due,  not  only  to  the  great  natural  growth  but  to 
the  consolidation  of  generating  machinery  into  fewer  stations. 
Instead  of  a  number  of  separate  stations,  containing  relatively 
small  units  producing  electricity  at  comparatively  low  voltage 
with  relatively  large  transmission  losses,  we  now  frequently  find 
one  large  central  station,  containing  generating  units  of  great 
size  delivering  electricity  at  a  high  potential.  Dynamos  of 
2,000  to  5,000  kilowatts  capacity  are  displacing  those  of  200  to 
600  kilowatts,  and  pressures  of  5,000  to  15,000  volts  those  of 
1,000  to  2,000  volts.  The  design  and  manufacture  of  large 
generating  units  of  this  character  have  called  for  engineering 
skill  of  a  high  order,  and  it  can  now  be  fairly  claimed  that 
the  production  of  such  machines  has  been  reduced  to  an  exact 
science. 

The  rapid  evolution  and  present  perfection  in  dynamo 
design  have  been  due  to  the  skill  with  which  the  various  prob- 
lems have  been  solved  by  the  designing  engineers  and  to  the 
ease  with  which  the  data  based  upon  machines  of  relatively  small 
size  were  applied  to  those  of  larger  size. 

407 
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It  is  evident,  however,  that  great  advances  in  the  capacity 
and  voltage  of  generators  would  be  useless,  if  not  positively 
dangerous,  unless  adequate  means  for  controlling  and  switching 
the  electrical  current  were  at  hand.  The  evolution  of  the 
dynamo  was  for  a  time  more  rapid  than  that  of  the  devices 
for  controlling  and  switching  currents  of  large  volume  and 
potential.  As  a  result,  a  number  of  machines  of  large  size 
were  placed  in  operation  with  comparatively  inadequate  methods 
of  switching  and  controlling.  The  energy  and  power  which  can 
be  safely  concentrated  in  a  single  central  stat  on  is  obviously 
limited  by  the  amount  of  current  and  voltage  which  switching 
devices  can  safely  handle.  This  fact  was  especially  forced  upon 
the  attention  of  the  wricer  at  the  time  when  the  company  with 
which  he  is  connected  took  the  contract  for  the  equipment  of 
the  generating  station  of  the  Metropolitan  Traction  Company 
of  New  York.  This  station  was  to  contain  eleven  three- 
phase  dynamos,  each  of  3,500  kilowatts  output  at  6,600  volte.  In 
order  to  realize  the  full  economy  of  such  a  station,  it  was,  of 
course,  necessary  that  all  the  generators  should  supply  current 
to  a  common  bus  bar,  and  that  from  these  bus  bars  the  current 
should  be  distributed  through  feeders  to  a  number  of  sub- 
stations. The  sab-stations  were  to  contain  rotary  converters, 
ft-equently  working  in  multiple  with  large  storage  batteries  on 
the  direct  current  side.  The  characteristics  of  such  a  load 
prevented  any  reliance  being  placed  upon  the  opening  of  the 
exciting  circuit  of  the  generators  in  case  of  the  necessity  of  a 
general  shut-down,  as  the  rotary  converters  would,  under  certain 
conditions,  supply  suflScient  magnetizing  current  to  excite  the 
generators,  even  with  the  field  windings  of  the  generators  un- 
excited.  It  became,  therefore,  essential  to  produce  a  switching 
mechanism  which  would  enable  the  generators  to  be  connected 
and  disconnected  from  the  bus  bars  with  certainty  and  safety 
under  all  conditions  of  load,  even  up  to  a  short-circuit,  and  also 
that  the  various  feeders  supplying  the  sub-stations  should  be 
capable  of  the  same  treatment.  Three  types  of  switching 
devices  were  available  for  this  work  and  were  carefully  con- 
sidered : 

1.  Switches  breaking  the  circuit  in  the  open  air. 

3.  Switches  arranged  to  break  the  circuit  in  an  enclosed  air 


3.  Switches  arranged  to  break  the  circuit  under  oil. 
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Switches  of  the  firgt  type  (open  air)  were  impracticable, 
because  the  space  demaDded  to  make  such  switches  operative 
could  not  be  provided. 

Switches  of  the  second  type  (enclosed  air)  had  no  such 
limitation,  but  oil-break  switches  were  found  to  meet  the  con- 
ditions more  perfectly.  Tests  conducted  showed  that  energy 
up  to  2,000  or  3,000  kilowatts  could  be  controlled  in  a  single  oil 
switch  at  potentials  as  high  as  15,000  volts,  which  was  the  limit 
of  the  apparatus  at  our  disposal  at  the  time.  Switches  of  this 
type,  however,  as  large  as  was  considered  necessary,  required  an 
amount  of  oil  per  switch  so  great  as  to  be  objectionable,  in  view 
of  the  large  number  of  switches  required  for  generators  and 
feeders.  The  problem  then  was  to  produce  a  switch  which 
would  retain  all  the  advantages  of  the  usual  oil  switch  and  at  the 
same  time  minimize  the  quantity  of  oil. 

The  type  which  was  finally  evolved  and  employed  in  the 
Metropolitan  installation  has  shown  itself  in  practice  to  be 
remarkably  successful.  It  is  known  as  the  Form  "H"  Oil 
Switch  by  the  manufacturers,  and  was  designed  by  the  writer, 
with  the  assistance  of  Mr.  E.  M.  Hewlett.  It  was  described  by 
Mr.  J.  E.  Woodbridge  in  the  Eltctrical  World  and  Engineer  of 
April  14th,  1900.  Keference  to  this  article  will  give  the  details, 
which  I  need  not  here  repeat;  I  shall  simply  outline  the  principal 
features. 

The  switch,  as  designed  for  three-phase  circuits,  consists  of 
three  double-pole,  single-phase  switches,  or  elements.  Each 
single-phase  switch  is  contained  in  a  fireproof  cell,  but  all  three 
switches  are  designed  to  be  operated  simultaneously.  Each 
single-phase  element  consists  of  two  brass  cylinders  or  cans,  one 
can  for  each  pole.  The  incoming  lead  is  attached  to  one  of  the 
cans  and  the  out-going  lead  of  the  same  phase  to  the  other. 
Each  cylinder  is  nearly  filled  with  oil  and  is  covered  by  a  metal 
cap  which  carries  a  long  insulating  sleeve.  Two  copper  rods 
joined  by  a  metallic  cross-head  and  forming  together  a  U-shaped 
conductor,  slide  through  the  insulating  sleeve  and  fit  into  tubu- 
lar contacts  at  the  bottom  of  the  cans  when  closing  the  circuit. 
The  cross-head  of  each  U-shaped  conductor  is  attached  to  a 
wooden  rod,  which  extends  through  the  top  of  the  cell  or  casing 
which  encloses  the  switch,  and  is  in  turn  attached  to  a  metal 
cross-head  operated  by  an  air  motor  or  an  electric  motor,  as  the 
case  may  be.  The  three  phases  are  seen,  therefore,  to  be  broken 
or  closed  simultaneously.    When   the  three  sets  of  U-shaped 
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Pig.    1.— Pnenmatically    Operated    Type   H   Switch,    Metropolitan  Traction 
Company *8  Station. 
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conductors  are  lifted,  the  circuit  is  broken  under  the  oil  at  two 
points  in  each  phase,  or  six  points  in  each  complete  three-phase 
switch.     The  range  of  movement  of  the  cross-head  varies  with 


Pig.  2. — Electrically  Operated  Type  H  Switch   for  the  Manhattan  Railway 
Company,  witn  brick  partition  removed. 

the  potential  to  be  controlled,  e.  y.,it  is  12  inches  in  the  switches 
in  the  Metropolitan  station  for  6000  volts,  and  17  inches  in  the 
switches  for  the  Manhattan  station  for  12,000  volts.    The  brass 
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cans  are  lined  internally  with  fiber  to  prevent  the  arc  from 
jumping  from  the  rod  to  the  metal  of  the  can  when  it  is  drawn 
up  through  the  oil.  Each  switch  unit  stands  alone  on  its  own 
foundation,  with  the  three  phases  in  three  separate  cells  or 
spaces  separated  by  brick  walls.  These  brick  partitions  act  as 
barriers  and  prevent  any   possible  burn-out  in  one  cell  from 


Pig.  8.— Form  FK  Oil  Break  Switch. 

spreading  to  the  others.  As  an  opening  of  two  legs  breaks  a 
three-phase  line,  an  arc  in  one  cell  will  not  incapacitate  the 
switch.  The  circuit  breaker  or  switch  differs  radically  from 
older  forms  in  the  separation  of  the  phases  as  indicated,  and  also 
in  the  separation  of  the  contacts  for  each  phase,  in  two  separate 
oil  pots.  This  separation  of  the  terminals  of  each  phase  gives 
two  separate  arcs,  each  enclosed  in  a  space  well  removed  from 
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the  others,  so  that  the  possibility  of  an  arc  commnnicating  from 
one  pole  to  another  is  obviated.  It  will  be  seen  that  in  breaking 
a  three-phase  circuit,  the  arc  is  produced  in  six  independent  oil 
pots.  This  method  of  construction,  together  with  the  separa- 
tion of  the  phases  in  separate  fireproof  compartments,  accounts 
for  the  unusaal  effectiveness  of  the  switch  in  practical  operation. 
The  general  construction  of  the  switch  is  clearly  shown  in  the 
accompanying  illustration. 

Fig.  1  shows  the  switch  used  in 
the  installation  of  the  Metropolitan 
Traction  Co.,  New  York.  It  is  de- 
signed for  (5600  volts  and  300  to  800 
amperes. 

Fig.  2  shows  the  same  switch  as 
modified  to  suit  the  conditions  of  the 
Manhattan  electric  installation.  On 
account  of  the  higher  voltage  the  oil 
pots  are  larger  and  a  larger  opening 
of  the  circuit  is  provided.  The  twelve 
covers  for  the  oil  pots  are  replaced 
by  porcelain.  It  is  designed  for  12,000 
volts  and  300,800  amperes. 

Fig.  3  illustrates  the  enclosed  air 
tube  type  of  switch  already  men- 
tioned. This  switch  has  given  most 
excellent  results  on  high  potential 
work. 

Fig.  4  shows  the  form  FK,  or  tank 
oil  switch,  without  tank  for  contain- 
ing oil. 

Fig.  5  is  a  reproduction  from  a 
photo  taken  at  Kalamazoo  of  a  spe- 
cial form  of  open  air  switch.  The 
switch  was  opening  a  circuit  of  25,- 
000  volts  and  60  amperes  at  the  time 
when  the  photograph  was  taken. 
It  was  at  first  thought  that  the  use  of  oil  switches  for  the 
control  of  high  potential  circuits  would  possibly  result  in  reson- 
ance effects,  particularly  in  circuits  containing  considerable 
capacity,  such  as  underground  cables  or  long  overhead  lines.  A 
namber  of  experiments  have  been  conducted  and  the  weight  of 
evidence  seems  to  be  in  favor  of  the  oil  switch  as  avoiding  these 


Pro.  4. — Expulsion  type 
switch. 
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effects.  It  has  been  found  as  an  interesting  fact  that  under 
the  conditions  described  considerable  disturbance  due  to  reson- 
ance may  occur  upon  the  closing  of  a  circuit.  This  is  naturally 
independent  of   the  character  of  the  switch  employed;  it  may 


Pig.  6.— Air  Break  Switch  (Kalamazoo  Test). 

occur  equally  well  with  an  oil,  an  enclosed    air,  or  an  open  air 
switch. 

Upon  the  rupture  of  the  circuit,  however,  the  results  ob- 
tained from  many  tests  indicate  that  open  air  switches  are 
liable  to  produce  heavy  resonance  effects  while  the  enclosed  air 
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and  the  oil  switch  are  practically  free  from  such  effects.  Ex- 
tensive experiments  to  determine  this  point  were  conducted 
prior  to  the  production  of  the  switches  for  the  Metropolitan  and 
Manhattan  stations.  Very  recently  experiments  of  a  more 
severe  character  have  been  conducted  at  Kalamazoo,  Mich. 
These  tests  were  made  at  from  25,000  to  40,000  volts  with  from 
1,200  to  1,300  K.  V.  A.  of  highly  inductive  load,  the  power  factor 
being  from  40  to  60  per  cent.  The  switches  tested  were 
the  cylindrical  oil  switch,  already,  described  (Metropolitan  type); 
an  oil  switch  in  which  all  tlie  terminals  were  enclosed  in  a 
single  tank  of  oil,  called  the  tank  oil  switch,  type  "  K  ";  a  switch 
of  the  expulsion  air  tube  type;  and  an  open  air  switch  in  which 
the  terminals  were  simply  separated  long  distances  in  free  air. 
In  making  these  tests  an  oscillagraph  was  used  to  determine  the 
time  of  break  and  other  interesting  effects,  and  a  camera  to  pho- 
tograph any  particular  instructive  phenomena. 

The  long  break  open  air  switch,  which  operates  upon  the 
principle  of  drawing  a  long  arc  in  the  open  air,  opened  the  cir- 
cuit at  25,000  volts,  but  required  several  seconds  of  time  and 
drew  such  a  long  arc  as  to  be  impracticable.  .  At  40,000  volts  the 
arc  held  and  flared  to  a  total  distance  of  over  30  feet  until  it 
Btrack  the  line  and  short-circuited  the  system,  producing  at  the 
same  time  high-voltage  oscillations  equal  to  two  or  three  times 
the  normal  potential  of  the  system.  It  would  therefore  seem 
that  the  open  air  switch  was  generally  unsuitable  for  the  control 
of  high-voltage  systems  of  large  powers,  as  even  where  sufficient 
room  is  available  for  their  use,  the  production  of  high  resonance 
effects  tends  to  endanger  the  system.  These  tests  also  show 
that  wherever  a  short-circuiting  arc  occurred  in  the  open  air, 
electric  oscillations  of  high  voltage  resulted.  These  were  prob- 
ably due  to  the  rapid  alternate  extinguishment  and  formation  of 
the  arc  during  its  period  of  interruption,  the  arc  acting  somewhat 
in  the  manner  of  a  Wehnelt  interrupting  device.  The  dangerous 
character  of  short-circuiting  arcs  emphasizes  the  need  of  the 
precautions  which  I  shall  mention  in  this  paper;  having  in  mind 
the  avoidance,  as  far  as  possible,  of  such  accidental  short- 
circuits. 

The  expulsion  tube  air  switch  operated  up  to  25,000  volts, 
but  failed  at  40,000. 

The  "  K  "  oil  switch  operated  satisfactorily  on  1,200  to  1,300 
K.  V.  A.  up  to  25,000  volts,  but  at  40,000  volts  it  spat  fire  and 
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occasionally  emitted  black  smoke,  thus  seemiDg  to  be  working  at 
the  limit  of  its  capacity.  No  attempt  was  made  to  open  short- 
circuits  wilh  the  ''  K  "  switch. 

The  "H"  oil  switch  never  failed  to  open  1,200  to  1,300 
K.  V.  A.  at  any  voltage  np  to  the  maximum  employed,  40,000; 
the  circuit  opening  noiselessly  and  without  the  appearance  of  fire 
or  emission  of  smoke  at  the  switch.  It  was  used  as  an  emer- 
gency switch  in  all  the  tests  to  open  skort-circnits  on  25,000  to 
40,000  volts.  The  results  of  these  and  other  tests,  and  the 
continued  effective  operation  of  the  type  "  H ''  switch  in  the 
Metropolitan  station  indicate  that  this  type  of  oil  switch  will 
safely  contn)!  circuits  of  practically  unlimited  power  at  potentials 
considerably  above  40,000  volts,  probably  as  high  as  100,000  volts. 

The  character  of  the  break  when  operating  properly  was  the 
same  in  all  the  switches  except  the  open  air  type.  In  opening, 
the  arc  held  for  a  number  of  half-waves  from  6  to  18  and  then 
broke  at  zero  value  without  disturbance  of  the  system.  With 
the  oil  switches  no  traces  of  oscillation  were  noticed  before  the 
break,  and  no  traces  of  rise  of  voltage.  With  the  expulsion  air 
switch,  traces  of  oscillation  were  seen  for  a  number  of  half-waves 
before  the  final  break,  and  in  consequence  a  slight  voltage  rise 
occurred. 

I  will  not  attempt  to  describe  the  numerous  observations  made 
at  the  Kalamazoo  tests,  as  these  will  undoubtedly  be  given  to  you 
by  our  President,  who  supervised  these  tests  and  to  wliom  I  am 
indebted  for  the  information  which  I  have  given  regarding  them. 

In  addition,  however,  to  the  production  and  use  of  a  switch, 
which  will  be  as  safe  and  reliable  as  engineering  skill  can  make 
it,  there  are  certain  other  factors  which  should  be  considered  in 
connection  with  the  control  of  current  for  high- potential  stations 
which  should  be  taken  into  consideration  by  the  electrical 
engineer.  It  should  be  constantly  kept  in  mind  that  no  apparatus 
can  be  absolutely  free  fronj  accident,  no  matter  how  carefully 
designs  are  constructed.  The  engineer  should,  therefore,  care- 
fully consider  the  possible  effect  of  any  accident,  with  particular 
reference  to  the  possibility  of  an  accident  to  one  element  involv- 
ing other  apparatus.  The  layout  should  be  such  that  an  acci- 
dent to  one  element  could  not  of  itself,  or  in  consequence  of  a 
chain  of  accidents,  result  in  a  breakdown  of  the  entire  generating 
station,  even  for  a  short  time. 
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The  mechanical  engineer  has  considered  this  point  and  met  it 
with  a  fair  degree  of  success  in  the  large  modern  central  station 
with  the  fire-proof  boiler  house  and  the  frequent  subdivision  of 
this  boiler  house  into  two  or  more  portions  by  suitable  fire  walls^ 
as  in  the  case  of  those  of  more  than  one  story. 

The  general  employment  of  a  duplicate  system  of  steam  pip- 
ing, or  its  equivalent,  also  provides  a  reasonable  safeguard 
against  failure  of  supply  from  accidental  disarrangement  of  a 
steam  system.  The  steam  engines  in  well  arranged  stations,, 
being  important  units,  are  placed  a  sufficient  distance  apart,  and 
so  disposed,  generally,  that  an  accident  to  one  will  not  easily 
involve  other  units.  This  is  also  true  of  the  dynamos  which  are- 
directly  coupled  to  the  engines. 

The  8witchl>oard  with  its  switches  for  controlling  and  appli- 
ances for  measuring  the  output  of  the  generating  station,  the^ 
cables  leading  from  the  generator  to  the  switchboard,  the  location 
of  the  bus-bars,  and  the  disposition  and  arrangement  of  the  feeder 
cables  for  distributing  the  current,  have  not  as  a  rule  been  given 
that  serious  attention  which  their  importance  deserves.  In  fact^ 
the  consideration  of  the  electrical  controlling  devices  and  the 
wiring  of  the  station  has  been  apparently  left  to  the  last,  and  it  is- 
frequently  the  case  that  a  generating  station  containing  apparatus- 
of  great  value  has  been  jeopardized  by  the  lack  of  careful  design 
of  the  switching  appliances.  Stations  designed  to  deliver  a 
normal  output  of  from  5,000  to  10,000  kilowatts,  at  relatively 
high  pressures,  say  5,000  volts  or  upwards,  frequently  contain 
switches  for  controlling  the  generators  and  the  feeders  mounted 
upon  the  face  of  a  long  continuous  panel,  and  so  crowded  to- 
gether that  in  case  of  failure  to  open  the  circuits  the  resulting 
arc  would  be  almost  •  certain  to  involve  adjacent  switches  and 
even  possibly  cripple  the  station  for  a  time.  The  bus-bara 
are  also  often  80  disposed  that  an  arc  may  easily  start  thereat  or 
at  least  so  that  an  arc,  if  started  for  any  cause,  would  be  liable 
to  seriously  damage  the  switchboard. 

The  same  methods  frequently  obtain  in  regard  to  the  manner 
of  installing  the  conductors;  high  tension  and  low  tension  con- 
ductors being  often  mixed  together  and  the  conductors  so  ar- 
ranged  that  in  case  of  an  injury  to  one^  other  of  the  conductors 
leading  from  the  generators  or  from  the  switchboard  out  of  the 
station  are  in  danger  of  being  involved. 

These  methods  have  probably  arisea  from  the  fact  that  up  to 
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a  comparatively  recent  ])eriod  the  service  of  a  city  for  lighting 
and  for  power  has  been  separated  among  a  number  of  different 
stations,  each  of  a  relatively  limited  amount  of  power.  In  case 
of  the  failure  of  any  individual  unit  in  such  case,  as  of  the  gen- 
erator, switchboard,  or  other  apparatus,  the  damage  was  small, 
owing  to  the  limited  energy  available.  A  shut-down,  even  of 
the  whole  station,  was  coirparatively  unimportant.  However, 
the  case  is  qnite  different  with  the  large  modem  station  with 
output  of  from  10.000  to  100,000  horse- power,  which  is  designed 
to  supply  electrical  energy  for  a  large  portion  of  a  city's  needs, 
combining  frefjuently  electric  power  for  traction  purposes,  elec- 
tricity, for  lighting,  etc.  The  economies  expected  of  such  stations 
— lower  cost  of  operation,  smaller  investment,  and  greater 
economy  in  coal  and  in  steam — due  to  the  better  load-curve  ob- 
tained by  the  concentration  of  loads  of  large  area  and  of  various 
character  in  one  station,  as  well  as  to.  the  higher  efficiency  of  the 
large  units,  are  familiar  to  all  electrical  engineers.  I  am  inclined 
to  think,  however,  that  the  possible  dangers  of  such  a  concentra- 
tion of  energy  have  not  been  fully  realized.  The  failure  of  such 
a  station,  even  for  a  brief  period,  would  be  a  disaster  which,  with 
proper  design,  need  not  occur. 

I  will  briefly  outline  the  principles  which  I  believe  should 
govern  in  the  layout  of  such  a  central  station,  the  details  of  which 
may  naturally  be  varied  considerably  to  suit  local  conditions.  It 
should  be  kept  in  uiind  that  I  am  discussing  stations  of  normally 
large  output,  say  5,000  kilowatts  and  over,  although  many  of  the 
principles  mentioned  could  probably  be  applied  with  advantage 
to  stations  of  smaller  size.  Broadly  speaking,  I  would  carry  the 
principle  of  subdivision  into  units  as  far  as  practicable ;  the  units 
to  be  chosen  with  respect  to  the  size  of  the  station,  character  of 
load-curve,  etc.  The  boiler  house,  as  already  stated,  should  be 
ftubdivided  into  two  or  more  distinct  portions,  so  that  injury  to 
one  will  not  involve  the  entire  steam  system.  Fortunately,  the 
foundations,  masonry  and  mounting  of  boilers  are  so  essential 
and  of  such  a  nature  that  damage  to  one  unit  is  not  liable  to  in- 
volve another.  At  the  same  time,  it  is  important  that  the  boiler 
house  should  be  divided  into  two  or  three  sections,  separated 
from  each  other  by  brick  partitions.  The  steam  piping  should 
be  in  duplicate  or  a  substantial  equivalent,  and  so  arranged  that 
the  bursting  of  a  steam  main  cannot  flood  all  the  boiler  rooms 
with  steam  or  stop  the  entire  flow  of  steam  to  the  engine  room. 
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The  engines,  with  the  dynamos  coupled  thereto,  may  be  placed 
in  one  large  room,  provided  this  room  is  of  sufficient  size  to  en- 
able the  units  to  be  placed  at  proper  distances  apart.  The  switch- 
board should  preferably  be  placed  in  a  separate  room,  so  that 
any  accident  to  the  engine  or  to  the  steam  piping  will  not  injure 
the  switchboard  operator  or  the  switchboard  mechanism.  The 
<?lectrical  conductors  from  each  dynamo  should  be  led  to  the 
switchboard  as  far  apart  as  possible  from  those  of  other  units. 
Each  set  of  conductors  should  be  led  to  its  own  switch.  Each 
switch  should  be  of  ample  capacity  to  interrupt  the  entire  out- 
put of  the  generator  at  full  voltage  and  even  take  care  of  the 
concentration  of  the  entire  load  of  the  station,  as  in  a  short- 
circuit.  This  switch  should  be  placed  in  a  cell  of  fireproof 
material  and  preferably  electrically  controlled  from  a  central 
point.  If  so  disposed,  these  switches  may  be  placed  reasonably 
close  together,  but  the  partitions  should  be  such  that  any  one  of 
the  switches  could  arc  to  destruction  without  involving  the 
€witch  of  a  neighboring  generator.  Switches  should  be  in  dupli- 
cate, BO  that  in  case  of  failure  of  one,  another  switch  will  be  in 
readiness.  Especial  care  should  be  taken,  in  leading  the  con- 
ductors from  the  switches  to  the  bus-bar,  to  keep  the  conductors 
SA  far  as  possible  from  those  of  neighboring  units. 

The  bus-bar  or  bars  should  preferably  be  in  duplicate,  or  some 
equivalent  arrangement  such  as  sectional  subdivision  should  be 
adopted.  Bus-bars  should  be  carefully  protected  in  fireproof 
compartments  so  arranged  that  it  would  be  impossible  for  any 
arc  to  short-circuit  from  one  conductor  to  another  or  for  it  to  be 
injured  by  an  arc  caused  by  the  destruction  of  any  of  the 
generator  or  feeder  switches.  The  same  care  should  be  taken 
to  isolate  the  conductors  leading  from  the  bus-bars  to  the  feeder 
switches.  The  feeder  switches  should  also  be  in  duplicate  ;  that 
is,  two  separate  sets  of  switches  on  each  feeder  in  series  with 
each  other  when  feasible,  or  the  conductors  leading  to  a  group 
of  feeders  may  be  joined  together  by  a  switch  placed  in  series 
therewith  controlling  a  group  of  feeders.  Each  group  series 
and  each  of  the  feeder  switches  should  be  mounted  in  its  own 
separate  fireproof  compartment  and  preferably  controlled  electro- 
magnetically  from  a  distance.  The  conductors  leading  from  the 
feeders  out  of  the  station  should  not  be  massed  together  in  one 
conducting  trench  or  well,  but  should  be  subdivided  into  as 
many  groups  as  circumstances  will  permit. 
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The  constant  aim  throughout  the  entire  station  should  be  to 
limit  the  normal  flow  of  energy  in  a  given  space  to  a  pre-deter- 
mined  amount,  preferably  for  example,  to  that  of  the  generator 
unit  which  has  been  selected,  or  in  tlie  case  of  the  feeders  lead- 
ing outside  the  station  the  normal  flow  of  a  group  may  be  limited 
to  that  delivered  to  any  one  sub  station. 

It  is  obvious  that  the  arrangement  of  switchboard,  as  described, 
will  occupy  more  space  than  the  ordinary  panel  type.  The  total 
space  occupied,  however,  is  but  a  small  portion  of  the  total  space 
required  for  the  generating  plant,  and  it  is  believed  that  the  pre- 
cautions recommended  are  essential  to  the  continued  success  and 
reliability  of  large  generating  plants.  Such  separation  of  the 
switches,  etc.,  makes  some  method  of  control  from  a  distance 
very  desirable.  The  motors  used  for  operating  the  switches  may 
be  either  pneumatic  or  electric.  The  control  of  these  motors 
should  preferably  ])e  electric  in  all  cases.  By  adopting  electric 
control  from  a  distance,  it  is  possible  to  combine  all  the  switches 
required  for  the  generator,  feeders,  etc.,  upon  a  small  keyboard 
under  the  observation  and  control  of  a  single  operator.  It  is  also 
possible  to  place  this  operator  in  such  a  position  that  he  will  have 
a  comprehensive  survey  of  ail  the  measuring  and  controlling  de- 
vices needed  for  the  station,  and  at  the  same  time  be  free  from 
danger  in  case  any  of  the  apparatus  should  fail  to  perform  its 
work.  Under  such  circumstances  the  operator  ismuch less  liable 
to  make  a  mistake,  and  it  is  believed  that  having  taken  such  pre- 
cautions accidents  even  of  a  trivial  character  will  be  more  un- 
likely to  occur.  In  laying  out  the  electrical  devices  for  such  a 
station  the  utmost  simplicity  should  be  aimed  at ;  not  a  single 
instrument,  conductor  or  switch  being  placed  in  the  station  that 
has  not  been  carefully  considered  and  felt  to  be  essential.  It  is 
better  to  err  on  the  side  of  simplicity  than  of  complexity. 
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Discussion. 

Papers  hy  Wm.  S.  Aldrich^  F.  A,  G.  Perrine,  Charles  F. 
JScoit^  Charles  P,  Steinmetz  and  E,  W,  Rice^  Jr,^  Buffalo^ 
Ai^ust  md,  1901. 

Vice-President  Dunn  \^Chairman']: — As  was  our  practice 
Yesterday,  all  of  the  papers  will  be  thrown  open  for  discussion 
simultaneously.  Mr.  Sreinmetz,  on  account  of  presenting  a 
paper  himself  and  having  read  Mr.  Rice's  paper,  has  asked  me 
to  remain  in  the  chair  dijrin^  the  discussion:  The  papers  are 
now  thrown  open  for  discussion,  which  it  is  hoped  will  be  full 
and  profitable. 

Prof.  Geo.  D.  Shepherdson  :  The  point  brought  out  by  Dr. 
Perrine,  that  the  loss  by  the  brush  discharge  depends  upon  the 
radius  of  the  curve  of  the  conductor,  indicates  two  or  three 
interesting  conclusions.  One  is  that  a  solid  conductor  is  prefer- 
able to  a  stranded  conductor ;  at  least,  after  being  once  erected. 
Of  course,  it  may  involve  difficulties  in  erection  when  we  get 
into  large  sizes.  Another  conclusion  is  that  after  a  certain  point 
is  reached  aluminium  will  be  much  preferable  to  copper,  on 
account  of  its  larger  size.  That  may  be  of  importance  in  two 
ways;  one  is  that  higher  voltages  may  be  practicable  with 
aluminium  conductors  than  with  copper ;  the  other  point  is  that 
it  may  be  practicable  to  transmit  small  powers  over  a  greater 
distance  with  aluminium  than  with  copper.  Of  course,  that  is 
modified  by  the  relative  costs  of  copper  and  aluminium,  but  a 
case  might  very  easily  arise  where  aluminium  would  cost  more, 
relatively  to  copper  than  it  ordinarily  does,  and  yet  it  might  be 
preferable  on  account  of  the  possibility  of  carrying  power  fiirther 
at  a  higher  voltage,  or  of  carrying  a  smaller  power  over  a  great 
distance. 

Mr.  Henry  W.  Fisher: — 1  have  been  very  much  interested 
in  Dr.  Perrine's  paper,  especially  with  reference  to  the  flatten- 
ing of  the  e.  m.  f.  curve  due  to  capacity,  particularly  so  as  I 
made  some  tests  a  number  of  years  ago  which  seemed  to  show 
the  other  effect,  and  I  thought  it  might  be  interesting  to  tell  how 
these  tests  were  made.  A  2500  k.  w.  generator  was  used,  oper- 
ated by  the  Allegheny  County  Light  Company  of  Pittsburg. 
From  tnis  generator  a  20' >0- volt  circuit  led  to  an  auto  converter 
and  was  taken  from  the  auto  converter  to  a  high-voltage  converter, 
and  from  the  secondary  of  said  converter  to  some  lead-covered 
cables,  one  side  being  connected  to  the  conductors  and  the  other 
to  the  lead  sheath.  The  instruments  used  for  getting  a  com- 
parison between  the  average  and  maximum  voltages  were  a 
Weston  voltmeter  and  a  spark-distance  measuring  apparatus. 
The  spark-distance  apparatus  was  placed  across  the  high  voltage 
end  of  the  converter  and  the  curve  for  spark  distances  found  up 
to  10,000  or  12,000  volts.  Having  determined  the  above  on  the 
same  evening,  with  the  same  generator,  all  the  conditions  being 
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as  nearly  alike  as  possible,  connection  was  made  to  about  3600 
feet  of  cable  having  a  capacity  of,  say,  .2  or  .3  microfarad,  and 
it  was  then  observed  that  the  spark  distances  were  greater  for 
given  voltages.  In  order  to  inaKe  sure  that  there  was  not  some 
change  in  the  outside  circuit  the  cable  was  cut  off  and  the  same 
tests  made  without  any  capacity.  The  spark  distances  were  the 
same  as  at  first.  This  leads  to  a  very  important  fact.  If  capacity  on 
the  line  does  flatten  the  e.  m.  f.  curve,  the  spark  distance  must 
be  affected  by  this  capacity  to  the  extent  of  increased  spark 
length  for  decreased  maximum  voltage.  Or  else  it  may  be 
that  the  sharpening  or  flattening  of  the  e.  m.  f.  curve  varies  with 
capacity,  self  induction,  etc.,  and  with  a  small  capacity  it  might 
have  one  effect,  with  a  larger  capacity  the  other. 

The  experiments  were  conducted  so  carefully  that  I  am  cer- 
tain under  the  existing  conditions  the  e.  m.  f.  curve  was  made 
sharp.  Experiments  were  then  conducted  with  the  same 
generator  at  different  hours  of  the  evening,  and  it  waj? 
found  that  when  the  generator  was  heavily  loaded  in  the  early 
part  of  the  evening  the  spark  distances  were  smaller;  and 
later  in  the  evening,  when  the  generator  was  not  so  heavily 
loaded,  the  spark  distances  were  larger.  With  the  capacity  in 
multiple  the  spark  distance  was  increased  about  10  per  cent.  I 
wished  to  bring  up  these  points  because  I  thougiit  some  one 
might  be  able  to  explain  this  apparent  difference  between  Prof. 
Perrine's  results  and  those  obtained  as  shown. 

Mr.  W.  L.  R.  Emmet  : — There  are  two  statements  that  have- 
attracted  my  attention  in  these  papers  which  seem  to  imply  a 
certain  limit  of  the  usefulness  of  electrical  apparatus  through 
possibilities  of  trouble  which  may  occur  in  its  use.  1  call  at- 
tention to  them  in  the  general  interebt  of  electrical  engineering. 
One  of  them  was  in  Mr.  Scott's  paper.  He  rather  implied  that 
it  was  necessary  to  design  dynamos,  motors  and  rotary  convert- 
ers to  suit  one  another;  that  the  synchronous  motor  must  be 
.  adapted  to  the  condition  of  its  operation,  and  that  if  the  voltage- 
was  not  exactly  adjusted  it  gave  rise  to  troublesome,  expensive 
or  destructive  fluctuations  of  current  or  voltage  in  the  system. 
I  do  not  think  that  in  practice  those  troubles  have  ever  existed. 
Neither  does  it  appear  necessary  for  any  skilled  manufacturer  of 
such  apparatus  to  say  to  a  producer,  "  This  is  only  adapted  to  use 
with  motors  of  a  particular  design,  and  with  certain  kinds  of 
rotary  converters,  and  if  your  conditions  are  altered  and  yoit 
have  to  put  something  else  on  your  system,  troubles  will  arise." 
Take,  for  example,  the  action  of  the  synchronous  motor  with 
variations  of  the  e.  m.  f.  wave  in  a  generating  plant,  or  variations 
of  speed  in  a  system,  or  variations  of  voltage  in  a  system.  In  the- 
case  of  variation  of  the  e.  m.  f.  wave  the  differences  between  the 
inherent  wave  of  the  synchronous  motor  and  of  the  generator,  aie 
ordinarily  differences  of  considerably  higher  frequency  than  the 
main  wave  of  the  system.     They  are  simply  overtones  whicii  are 
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largely  obliterated  by  the  effects  of  self-induction,  and  the  worst 
that  can  result  are  certain  cross  currents  in  the  period  of  those  over- 
tones. These  are  so  small  relatively  to  the  main  oscillations  of  the 
system,  that  they  are  inappreciable ;  and  in  practice  rotary  convert- 
ers and  synchronous  motors  operate  all  over  the  world,  on  all  sorts 
of  e.  m.  f.  waves,  and  under  all  sorts  of  variations  and  conditions,. 
and  the  troubles  are  apparently  as  infrequent  where  there  is 
no  conformity  of  wave  as  where  there  is  perfect  conformity.. 
Practical  experience  teaches  us  that  synchronous  apparatus^ 
operating  in  parallel  is,  in  spite  of  these  theoretical  difliculties,. 
quite  rugged  and  serviceable  where  the  conditions  of  design  are- 
proper.  Another  matter  which  has  been  unduly  dwelt  upon  by~ 
Mr.  Scott  is  the  importance  of  adjusting  synchronous  motor 
iields  to  conform  to  change  of  voltage  on  the  line.  The  syn- 
chronous motor  with  iixed  excitation  tends  to  act  as  a  steadier  of 
the  system,  its  variation  of  power  factor  with  change  of  load  be- 
ing very  small  when  the  motor  is  ordinarily  proportioned.. 
While  everything  that  Mr.  Scott  says  about  the  usefulness  of  the 
induction  motor  is  true,  there  are,  as  he  also  admits,  wide  fields 
for  the  use  of  the  synchronous  motor.  In  practical  service  the 
troubles  which  he  has  mentioned  are  not  often  sources  of  inter- 
ruption. 

The  other  point  referred  to  was  in  Mr.  Steinmetz's  paper^ 
where  he  mentions  as  incident  to  the  use  of  certain  circuit  open- 
ing devices  variations  of  voltage  which  are  prohibitive  and  which 
cannot  be  provided  for  by  insulation.  There  is  a  fact  in  connec- 
tion with  tliis  matter  that  is  of  great  practical  importance;  this 
is,  the  power  of  resisting  such  excessive  strains  which  is  possessed 
by  certain  types  of  insulation.  Air  in  one  sense,  the  simplest 
sense,  may  be  considered  the  most  perfect  insulator.  Dry  air  is 
a  very  perfect  insulator.  It  requires  very  high  voltage  to  be 
punctured.  The  puncture  of  air,  however,  is  eomething  whick 
involves  no  expenditure  of  energy.  It  is  instantaneous  and  can 
occur  simultaneously  with  the  existence  of  the  voltage  capable- 
of  jumping  that  distance ;  whereas  solid  insulators,  which  are^ 
continuous  and  free  from  porosity  and  from  openings,  or  from- 
air  passages,  require  considerable  expenditure  of  energy  to 
puncture.  The  excessive  voltage  impulses  to  which  Mr.  IStein- 
metz  alludes  are  of  very  high  frequenc}'  and  do  not  continue 
long  enough  to  effect  the  disintegration  of  the  insulation,  and  as 
a  consequence  we  see  transformers  t^hort  circuited  through  air 
across  their  terminals  several  feet  apart,  where  the  insulation  it? 
entirely  unaffected.  In  point  of  fact,  in  some  of  the  systems 
where  the  most  trouble  has  occurred  with  rupturing  (►f  air  in- 
sulation, arcing  across  the  backs  of  switchboards  and  to  adjoining 
pipes  and  structural  work,  there  has  been  no  trouble  whatever 
with  the  insulation  of  the  system.  On  this  Niagara  Falls  system > 
there  have  been  at  times  tremendous  manifestations  of  e.  m.  f. 
about  the  connections  at  the  terminal  houses,  indicated  by  the 
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jumping  of  wide  air-gaps,  yet  there  lias  never  been  at  such  times 
any  case  of  trouble  with  the  insulation  of  the  transformers,  of 
any  make.  Furthermore,  we  see  in  lightning  storms  tremendous 
potentials  applied  to  the  lines,  and  yet  no  trouble  with  the  in- 
sulation if  it  be  of  a  certain  character.  If  the  insulation  is  such 
that  air  is  depended  upon,  no  matter  how  great  the  distance 
over  the  terminals,  trouble  is  liable  to  occur  under  certain  circuit 
conditions,  for  example,  where  a  transformer  has  two  exposed 
terminals  three  or  four  feet  apart,  it  will  short-circuit  across 
those  terminals  through  the  air,  l>ut  if  it  is  properly  constructed 
and  suitable  methods  of  insulation  used,  it  will  not  be  injured. 
A  great  deal  can  be  accomplished  in  a  practical  way  by  observ- 
ing those  conditions  and  building  apparatus  to  meet  them. 

Dr.  a.  E.  Kennelly  : — With  regard  to  Mr.  Scott's  paper, 
which  gives  a  distinct  and  useful  differentiation  between  syn- 
chronous motors  and  induction  motors,  1  think  the  compari- 
son is  somewhat  severe  to  the  synchronous  motor.  Only  a 
few  years  ago  we  were  very  glad  to  have  the  synchronous 
motor,  before  the  injduction  motor  made  its  appearance,  and 
now  that  the  synchronous  motor  has  its  duties  largely  replaced 
hy  the  induction  motor,  I  think  it  is  a  little  unfair  to  an  old 
friend  to  underrate  it.  Moreover,  in  the  mixed  systems  of  long 
distance  distribution  I  think  it  is  desirable  to  employ  both  syn- 
chronous and  induction  motors,  each  in  their  proper  spheres  of 
action.  Without  synchronous  motors  the  power-factor  of  a 
system  may  be  unduly  low. 

I  would  also  like  to  put  in  a  plea  for  dropping  that  unfortu- 
nate word  "  rotary,"  in  connection  with  converters.  It  seems  to 
have  become  Hxed  in  our  minds  that  a  converter  must  be  a 
Totary  converter.  Of  course,  a  converter,  as  we  understand  it, 
.must  go  round  ;  but  would  it  not  be  possible  on  an  occasion  like 
this  to  take  some  steps  for  dropping  an  unnecessary  word  which 
plays  no  useful  part  ? 

As  regards  Mr.  Steinmetz's  very  interesting  paper,  I  think 
that  it  sliows,  from  a  theoretical  standpoint,  the  importance 
which  may  attach  to  an  evanescent  constant  in  an  algebraic 
equation.  The  evanescent  constant  which  occurs  in  every  alter- 
nating circuit  equation,  which  we  usually  ignore  and  regard  as 
vanishing  after  a  few  cycles,  may,  as  he  points  out,  rise  to  a 
prominence  100  times  greater  than  the  fundamental,  and  in  such 
a  case  one  cannot  afford  to  ignore  the  evanescent  constant.  Its 
practical  importance,  of  course,  attaches  to  the  great  danger 
which  may  result  from  the  short  circuit  of  alternating-current 
mains  under  particular  conditions.  We  bclievcl  that  we  had 
enough  trouble  with  short  circuits  on  direct-current  generators, 
and  when  we  had  alternators  which  would  refuse  to  give  exces- 
sive currents  on  short  circuit,  we  felt  that  we  were  comparatively 
free  from  dangers  from  short  circuits  on  alternating-current 
systems,    but  owing   to   the  surges   which    may   occur  in  such 


Digitized  by  VjOOQIC 


WDl.]  DISCUSSION  AT  BUFFALO,  425 

systems  we  have  a  new  danger,  very  formidable,  under  par- 
ticular conditions.  The  difference  between  the  surges  which 
occur  in  tlie  case  of  such  a  short  circuit  and  tlie  resonance 
which  ordinarily  may  occur  in  the  normal  operation  of  a  line  is 
very  interesting.  In  the  one  case  the  resonance  in  the  normal 
operation  of  a  line  is  dependent  upon  the  harmonics  in  the 
«.  m.  f.  wave,  and  if  all  harmonics  were  removed  from  the  e.  ra.  f . 
there  would  be  no  resonance.  The  case  is  one  of  forced  oscil- 
lations. Certain  harmonics  are  present  in  the  applied  e.  m.  f. 
which  will  force  certain  effects  upon  the  transmission  system 
under  particular  conditions.  In  the  other  case,  of  which  Mr. 
Steinmetz  has  now  made  an  analysis,  and  which  he  brings  to  our 
attention  so  lucidly,  it  is  not  a  question  of  harmonics,  but  simply 
a  question  of  the  oscillations  of  a  large  system  of  conductors 
containing  inductance  and  capacity ;  and  no  matter  how  these 
conductors  may  be  charged,  or  the  kind  of  wave  employed,  or 
the  source  of  e.  m.  f.,  these  dangerous  oscillations  may  be  devel- 
oped under  certain  conditions  attending  sudden  changes  of 
current  or  pressure.  A  very  curious  instance  is  brought  to  our 
attention  by  Mr.  Stfeinmetz  himself  in  pointing  out  that  the 
Wehnelt  interruptions  offer  an  analogy  to  these  oscillations. 

Pbesident  Steinmetz  : — Mr.  Chairman,  Members  of  the  Insti- 
tute and  Guests — I  desire  to  say  a  few  words  regarding  Mr. 
Scott's  paper.  While  1  can  fairly  agree  with  the  second  part  of 
it  I  am  soiTy  to  be  obliged  to  disagree  from  a  considerable  part 
of  the  first  portion,  giving  a  comparison  between  synchronous 
and  induction  motors.  Whatever  I  shall  say,  and  with  all  defer- 
ence to  Mr.  Scott,  refers  to  motors  of  larger  sizes,  since  we  all 
agree  that  in  small,  and  very  small  sizes,  the  induction  motor  is 
preferable  by  reason  of  its  simplicity,  due  to  the  absence  of  the 
exciter,  and  since  in  small  motors  the  objectionable  features  of 
the  induction  type  are  not  so  serious  and  can  be  eliminated  to  a 
large  extent  by  the  judicious  use  of  some  large  synchronous 
motors  in  the  same  system.  I  have  controlled  the  design  of 
some  hundred  thousand  k.  w.  of  induction  motors  and  some 
liundred  thousand  k.  w.  of  synchronous  motors.  I  believe  I  have 
"been  fairly  successful  with  either  typo,  and  so  have  no  preference 
for  one  or  the  other  design  ;  but  some  years  ago,  when  a  discus- 
tfiion  came  upon  this  topic  before  the  Inktitute,  I  made  the  state- 
ment that  "I see  no  excuse  ever  to  use  an  induction  motor  where 
a  synchronous  motor  can  be  used,"  and  my  experience  has  not 
yet  shown  me  any  reason  t<«  change  that  opinion. 

Coming  now  to  the  parallel  columns,  I  must  not  only  take  ex- 
ception to  some  things  stated,  but  also  add  that  a  ij umber  of 
points  have  been  omitted  whicli  appear  to  me  essential  for  a  fair 
comy^arison;  as  for  instance,  that  there  are  two  essentially  differ- 
ent forms  of  induction  motors,  the  "  squirrel  cage  "  motor  which 
is  ideal  in  its  simplicity,  but  lequires  the  same  excessive  starting 
current  as  the  synchronous  motiir,  and  the  rheostatic  motor  which 
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consames  in  starting  the  same  current  as  when  running  with  the 
same  load,  but  requires  rheostat  and  collector  rings  and  brushes 
or  switches.  Obviously  only  a  few  of  the  statements  can  be  dis- 
cussed. 

Regarding  auxiliary  apparatus,  the  "  squirrel  cage  "  induction 
motor,  if  required  to  start  at  moderate  current,  needs  a  starting 
motor  just  as  well  as  the  synchronous  motor.  The  diflEerence  be- 
tween the  "  some  form  of  transformer  for  reducing  tlie  voltage  '^ 
in  the  synchronous  motor,  and  the  "auto-transformer  for  reduc- 
ing the  e.  m.  f .  for  starting  "  in  the  induction  motor,  I  fail  to 
see. 

Exciter  and  field  rheostat  are  indeed  not  required  for  the  in- 
duction motor,  but  armature  rheostats  with  switches  or  collector 
rings  are  required  if  the  induction  motor  shall  give  a  good  start- 
ing torque  witli  moderate  starting  current. 

All  the  statements  regarding  adjusting  the  field  currents,  which 
are  repeated  several  times,  are  greatly  exaggerated.  With  any 
reasonably  fair  synchronous  motor,  without  adjustment  of  the 
field  excitation  but  at  constant  excitation  at  all  loads,  the  power 
factor  will  never  fall  as  low  as  it  is  with  the  induction  motor  at 
the  same  load. 

No  '* squirrel  cage"  induction  motor  with  reasonable  efficiency 
starts  at  full  load  excepting  with  currents  many  times  larger  than 
full  load  current,  so  that  the  "squirrel  cage"  induction  motor 
should  be  started  light,  the  same  as  the  synchronous  motor. 

In  the  construction,  the  *' field  winding  of  many  turns  liable 
to  accident"  is  in  the  synchronous  motor  not  different  from  the 
field  winding  of  a  low  voltage,  continuous  current  machine,  and 
the  latter  is  considered  nearly  as  safe  as  any  piece  of  electrical 
machinery. 

Collector  rings  and  brushes  or  switches,  and  in  addition  a 
rheostat,  are  required  in  the  induction  motor  if  starting  torque 
with  moderate  starting  current  is  desired. 

Here  it  should  be  added  that  the  synchronous  motor  has  the 
advantage  of  a  good  mechanical  construction  with  a  generous  air- 
gap  between  stationary  and  revolving  parts,  while  the  induction 
motor  to  have  a  reasonable  power  factor  must  run  with  micro- 
scopic clearance  between  stator  and  rotor. 

The  synchronous  motor  is  started  by  throwing  a  switch  in 
starting,  and  then  in  running  position,  like  the  induction  motor, 
and  then  gives  the  same  small  torque  with  large  current.  The 
only  additional  feature  is  that  after  the  start  the  field  switch  of 
the  synchronous  motor  is  closed.  The  synchronous  motor  can^ 
however,  also  be  started  with  small  current  by  the  use  of  a  start- 
ing motor  which  brings  it  to  synchronism. 

Neither  the  induction  motor  nor  the  synchronous  motor  when 
thrown  out  of  step  by  overload  will  recover,  excepting  when  the 
load  is  thrown  off. 

The  starting  of  the  synchronous  motor  is  no  more  ineflicieut 
than  that  of  the  "squirrel  cage  "  induction  motor,  and  the  maxi- 
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mam  torque  of  the  synchronous  motor  is  frequently  greater  thao: 
that  of  the  induction  motor. 

No  alternating  current  motor  can  operate  efficiently  at  frac- 
tional speeds  except  by  changing  the  frequency  or  the  number 
of  poles,  etc.,  and  the  synchronous  motor,  as  well  as  the  induction 
motor,  is  essentially  synchronous  regarding  speed. 

Kegarding  current  consumed  in  starting,  1  liave  never  seen  or 
heard  of  a  large  and  efficient  "  squirrel  cage  "  induction  motor 
giving  full  load  starting  torque  with  1^  to  2^  times  full  load  cur- 
rent.    Four  to  six  times  is  as  a  rule  nearer  the  facts. 

The  wave-form  as  a  factor  in  explaining  misbehavior  of  alter- 
nating current  apparatus  is  rather  discredited  nowadays.  While 
the  influence  of  the  wave-forms  on  the  current  can  be  observed 
in  the  induction  motor,  even  more  than  in  the  synchronous 
motor,  especially  when  running  light,  this  feature  becomes 
negligible  at  load. 

The  next  paragraph  of  Mr.  Scott's  paper  is  the  only  considera- 
tion regarding  the  decision  between  synchronous  and  induction 
motor  which  I  consider  justified.  It  means  that  the  use  of  the 
synchronous  motor  is  restricted  by  certain  limitations  regarding 
steadiness  of  frequency,  resistance  of  supply  lines,  etc.  Where 
these  limiting  conditions  are  fulfilled,  the  synchronous  motor 
does  not  hunt  and  is  preferable  to  the  "squirrel  cage"  induction 
motor.  Outside  of  the  limits  of  operativeness  of  the  synchron- 
ous motor  the  induction  motor  must  be  used.  Obviously  where 
excessive  starting  torque  and  small  starting  current  is  needed 
the  induction  motor  with  variable  armature  rewstance  is  appro- 
priate. 

As  stated  before,  without  adjustment  of  the  field  current,, 
synchronous  motors  give  power  factors  higher  than  induction 
motors,  but  by  varying  the  field  current  the  synchronous  motor 
can  be  made  to  compensate  for  objectionable  lagging  currents 

Produced  by  other  parts  of  the  system,  as  by  induction  motors, 
t  is  true  indeed  that  the  synchronous  motor  represents  an  active 
or  live  e.  m.  f.  This  frequently  is  one  of  its  most  valuable 
features,  that,  with  the  supply  of  electric  power  failing,  the  syn- 
chronous motor,  and  also  to  a  lesser  extent  the  converter,  driven 
by  engine  power,  is  ready  to  turn  generator,  and  so  becomes  the 
generator  reserve  of  the  sub  station,  supplying  power  to  lights, 
induction  motors  and  other  dead  loads  on  the  system.  This 
feature  is  utilized  sometimes  to  such  an  extent  that  during  the 
daUy  changes  of  load  the  synchronous  motor  regularly  changes 
from  motor  during  daytime  to  generator  during  the  peak  of  the* 
lighting  load. 

Regarding  the  summary,  most  of  the  statements  have  already 
been  discussed.  It  should  be,  however,  added  here  that  the 
synchronous  motor  is  smaller  than  the  induction  motor,  more 
reliable  in  its  operation,  and  is  of  a  higher  efficiency.  It  can  be 
wound    directly   for  voltages  of   10,000  and    more,  which    th& 
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indaction  motorcannot,  and  step-down  transformers  and  the  com- 
plication and  loss  of  power  inherent  thereto  can  be  saved,  so  that' 
considerinp  that  the  s3'nchronous  motor  alone  ali'eady  exceeds  in 
efficiency  the  induction  motor,  when  compared  with  induction 
motor  and  transformer,  the  high  voltage  synclironous  motor  is 
vastl^y  superior  in  efficiency.  In  operation  and  adjustment  it 
requires  no  more  but  rather  less  skill  than  the  rotary  converter 
recommended  in  the  last  part  of  the  paper  under  di^^cussion.  It 
appears,  therefore,  that  the  synchronous  motor  and  not  the 
induction  motor  is  the  type  especially  suited  for  transmission 
and  distribution  of  power  in  large  units,  and  the  induction  motor 
iinds  its  proper  field  in  power  distribution  in  small  and  moderate 
«izes  and  for  special  applications,  such  as  frequent  starting  under 
heavy  torque,  and  then  as  a  special  motor. 

Now,  from  all  this,  the  conclusion  I  derive  is  that  the  syn- 
chronous motor  is  by  no  means  the  decadent  apparatus,  that  Mr. 
IScott  apparently  states,  but  is  not  only  alive,  but  is  prefemble 
AS  a  type  of  machine ;  that  it  is  the  machine  which  should  be  used 
wherever  possible ;  but  that  there  are  certain  limitations  outside 
of  which  the  induction  motor  must  be  used  because  there  is 
nothing  better. 

As  to  this  very  high  power  factor  of  the  induction  motor,  we 
innst  consider  that  even  if  the  power  factor  in  special  cases,  with 
a  special  low  frequency  motor,  exceeds  95  per  cent.,  the  average 
running  power  factor  probably  does  not  exceed  90  per  cent.,  but 
if  anything  is  lower.  A  90  per  cent,  factor  means  i\  per  cent, 
inductance  factor  or  44  per  cent,  of  lagging  alternating  current  and 
jk  corresponding  reaction  on  the  system  and  on  the  regulation  of 
the  generator. 

Dr.  F.  a.  C.  Pkrrine:— I  wish  to  add  something  to  Presi- 
dent Steinmetz's  remarks,  from  my  own  experience  as  an  operator 
of  induction  motors.  From  that  experience  I  would  say  tnat  the 
advantages  set  forth  in  the  paper  are  largely  possible  advantages, 
and  while  any  one  of  them  may  be  found  in  a  particular  case, 
the  conclusions  drawn  do  not  generally  apply  together.  As  re- 
gards the  point  made  by  the  President  concerning  starting  torque 
with  li  times  full  load  current,  I  know  of  one  case  where  a  400- 
h.  p.  induction  motor  was  built  and  ^aranteed  to  start  with  li 
times  full  load  current,  the  contract  oet ween  the  user  of  the  cur- 
rent and  the  transmis-^ion  company  having  been  made  to  require 
it.  In  that  case  it  was  necessary  to  insert  four  friction  clutches 
between  the  motor  and  the  Hour  mill  operated  by  it.  The  first 
friction  clutch  was  between  the  line  shafting  and  the  rolls,  and 
«o  on;  all  of  which  was  necessary  in  order  to  start  up  that  induc- 
tion motor  and  keep  the  starting  current  down  to  1^  times  full 
load  current.  In  another  case,  also  in  a  flour  mill,  where  a  high 
efficiency  induction  motor  was  demanded,  the  starting  current 
-was  so  great  that  a  450  k  w.  generator  would  not  start  a  .^00 
.h.    p.   induction  motor.     The  water-wheel  attached  to  the  450 
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k.  w.  generator  was  slowed  down  by  the  power  demanded  to- 
start  np  the  raotor,  and  in  addition  it  was  found  necessary 
to  nse  a  number  of  men  pulHng  on  the  belt.  At  iirst  the 
superintendent  said  it  was  a  good  thing,  because  he  never  had 
had  his  men  on  time  before.  With  the  motor  in  service  they 
had  to  come  early  in  order  to  pull  on  the  belt  and  start  up  the 
mill.  This  was  finally  found  to  be  a  burden,  and  the  owner 
demanded  that  the  induction  motor  be  re-designed  so  that  it 
could  start  up  alone.  The  manufacturer  changed  the  end  rings- 
on  the  "  squirrel-cage  '*  armature,  and  the  motor  would  then  start 
the  mill  without  any  difficulty.  But  the  mill  was  paying  for- 
its  power  by  wattmeter,  and  the  cost  of  the  power  was  increased 
by  one-half  cent  a  barrel  of  flour  on  account  of  the  decreased 
efficiency  of  the 'motor. 

And  now,  as  regards  the  impossibility  of  riinning  tmnsmissiou 

Slants  with  synchronous  motors,  while  1  in  general  agree  with 
[r.  Scott  that  it  is  not  advisable  to  put  synchronous  motors  into 
all  hands ;  at  the  same  time,  as  Dr.  Kennelly  has  said,  the  syn- 
chronous raotor  is  an  old  friend,  and  in  California  one  of  the 
earliest  transmission  plants  is  using  almost  entirely  synchronous 
motors,  and  its  load  is  almost  entirely  mining  plants.  Now, 
there  is  not  a  plant  in  California  which  is  giving  better  service 
to  its  customers,  or  a  more  constant  voltage  i*egulation,  than  that 
particular  plant.  Again,  I  would  remark  that  a  paper  very 
much  similar  to  this  was  discussed  l)efore  the  Pacific  Coast 
Transmission  Association,  and  the  concensus  of  opinion  amongst 
the  operators  of  the  transmission  plants  there  seemed  to  be  that 
for  large  powers  it  was,  as  a  general  rule,  inadvisable  to  use  in- 
duction motors,  but  even  at  the  expense  of  sometimes  putting 
synchronous  motors  in  the  hands  of  operators  who  did  not  un- 
derstand their  effect  on  the  power  factor  of  the  circuit,  it  was 
as  a  rule  a  preferable  thing  to  use  a  very  considerable  number  of 
synchronous  motors  on  a  line,  and  a&  a  general  rule  a  good  plan 
to  nse  synchronous  motors  where  large  motors  were  supplied. 
Again,  experience  in  California  has  proved  very  conclus- 
sively  the  point  Mr.  Steinmetz  made  of  the  advisability  of 
having  the  synchronous  motor  as  a  portion  of  the  steam  reserve. 
A  senous  drouth  occurred  in  California  about  four  years  ago  and 
continued  for  two  years.  D4iring  that  time  a  statement  was 
made  which  was  nearly,  although  not  quite  true,  that  every  syn- 
chronous motor  in  California  was  running  as  a  generator  supply- 
ing current  which  would  have  required  duplicate  machinery  had 
those  plants  been  operated  with  induction  motors. 

Another  point  I  wish  to  eall  attention  to  in  Mr.  Scott's  paper,, 
is  the  observation  that  for  transmission  work  in  general,  as  I  un- 
derstood him  to  say,  for  the  operation  of  rotary  converters  as 
well  as  induction  motors,  it  is  necessary  to  design  the  generators 
far  below  the  point  of  saturation  in  the  iield.  I  think  that  de- 
signers and  operators  will  agree  that,  though  it  may  be  that  60- 
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cycle  rotaries  are  successful  in  some  cases,  nevertheless,  the  25- 
<iycle  rotary  is  a  more  successful  machine;  and  so  far  as  I  am 
aware,  all  desii^jners  of  25-cycle  generators  are  running  their  in- 
duction up  in  the  fields  about  as  high  as  the  iron  will  allow;  and 
in  spite  of  that  fact  the  25-cycle  induction  motor  and  the  25- 
<*ycle  rotary  work  as  well,  if  not  better,  than  at  GO-cycles,  where 
the  induction  in  generator  fields  is  kept  down,  necessarily,  lower 
on  account  of  the  closeness  of  the  field  magnets. 

Mr.  L.  B.  Stiliavell: — I  confess,  Mr.  President,  that  from 
my  experience  I  am  a  friend  of  the  induction  motor  wherever  it 
can  be  used.  I  think  we  are  indebted  to  Mr.  Scott  for  his  very 
-compact  comparison  of  the  advantages  and  disadvantages  of  the 
two  classes  of  motors.  I  do  not  think  it  is  an  answer  to  that 
i^omparison  to  allege  that  the  diflEerences  shown  are  theoretical. 
I  believe  Mr.  8cott  is  fully  competent  to  discuss  it  from  that 
standpoint,  and  I  wish  simply  to  mention  one  or  two  points 
which  I  have  met  in  experience  in  operation,  which  have  led  me 
to  prefer  the  induction  motor  in  practicall}'  all  cases  in  which  it 
-can  be  used.  The  rotary  converter  is  necessarily  synchronous 
with  the  generator.  That  is  a  fact  which  I  have  sometimes 
regarded  as  unfortunate,  but  at  any  rate  we  cannot  get  around  it 
unless  we  are  willing  to  go  to  the  expense  of  buying  a  motor  to 
drive  a  direct  current  generator  for  railway  work.  But  the 
practical  advantages  that  have  been  claimed  for  the  synchronous 
motor,  I  think,  reduce  themselves  to  this  one  claim,  that  the  power 
factor  of  your  system  as  a  whole  is  improved  by  its  use.  As 
to  relative  efliciencies  there  is  some  advantage  in  the  syn- 
chronous motor  possibly,  but  nothing  very  material.  As 
regards  the  power-factor  advantage  it  is  apparent  rather 
than  real  in  operation.  In  a  large  system,  such  as  exists 
in  Buffalo  to-day,  we  cannot  have  thoroughly  skilled  men  in 
control  of  the  stations  adjusting  the  fields  of  the  rotarv  con- 
verters and  the  synchronous  motors  with  a  view  to  anecting 
properly  the  power  factor  of  the  system.  If  we  could  put  a 
synchronous  motor  in  a  terminal  house,  to  which  all  of  the  over- 
head lines  were  connected,  and  there  provide  skilled  attendants, 
it  might  have  some  value;  but  where  you  have  a  dozen  sub- 
stations, as  is  the  case  in  the  Niagara  plant,  you  must  put  these 
synchronous  motors  and  converters  in  the  hands  of  not  less  than 
24  operatives,  since  you  must  have  at  least  two  shifts  for  each 
sub-station.  Now,  the  Buffalo  companies  pay  men  of  that  class 
about  $50  a  month,  and  it  is  not  an  easy  matter,  as  I  know  by 
experience,  to  find  men  who  will  work  for  tliat  wage  and  who 
are  to  be  trusted  with  the  manipulation  of  machinery  requiring 
synchronism.  Mr.  Scott  has  pointed  out  the  fact  that  there  are 
a  great  many  mistakes  made  in  synchronizing  the  motor  with  the 
system,  and  it  ought  to  be  remembered  that  those  mistakes  are 
made,  not  by  members  of  this  Institute,  but  by  $50-a-month 
men. 
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As  to.  the  starting  current  of  these  motors,  I  am  sorry  that  I 
cannot  find  myself  in  agreement,  from  experience,  with  our 
President  in  his  dit^eu?sion  of  Mr.  Seott/s  paper.  I  recall  one 
instance  in  which  a  rotary  converter  rated  at  876  k.  w.  connected 
with  a  large  system  required  so  much  current  in  starting  that  the 
men  thought  that  the  pointers  at  tlie  ammeters  were  going  to 
move  clear  off  the  instrument  and  never  come  back.  Jt  took 
apparently  five  times  the  kilo  volt-amperes  that  it  should  have 
taken,  and  to-day  the  most  sati>factory  rotary  converters,  to  my 
mind,  that  are  operated  from  these  large  power  plants  are  those 
which  use  induction  motors  to  start  with.  I  cannot  say  how  it  is 
to-day,  but  when  I  saw  it  not  very  long  ago  one  of  the  stations 
at  which  the  rotary  converters  had  been  made  self-starting  had 
been  forced  to  abandon  that  method  of  operating  and  to  start  from 
the  direct  current  side,  by  direct  current  obtained  from  another 
rotary  converter,  which  was  started  by  an  induction  motor. 

There  is  one  other  point  that  I  would  emphasize  as  objection- 
able in  the  synchronous  machinery,  and  that  is  this  :  in  an  inde- 
? indent  system  it  is  inevitable  that  there  will  be  short-circuits, 
he  cables  in  some  parts  will  break  down  at  times.  If  the 
circuit  breakers  in  the  sub-stations  and  in  the  power  house  can  be 
suitably  arranged  it  is  possible,  at  least  theoretically,  to  localize 
that  trouble  if  the  motors  used  are  such  that  they  will  not 
instantly  fall  out  of  step  when  the  momentary  drop  of  potential 
-occurs.  Now,  it  is  true  that  these  synchronous  motors  and 
rotary  converters  are  supposed  to  drop  out  of  step  only  when  the 
potential  drops  to  about  50  per  cent,  of  the  normal  value.  That 
may  or  may  not  be  so,  but  there  are  occasions  when  the  potential 
•does  drop  to  50  per  cent,  of  the  normal  value  and  these  machines 
let  go  and  stop  when  I  am  satisfied  that  an  induction  motor  would 
not  let  go.  The  lighting  system  of  the  city  of  Buffalo  to-day  is 
operated  by  synchronous  motors.  To  my  mind  it  would  be 
better  to  operate  it  by  induction  motors,  for  the  reason  that  at 
times,  not  so  infrequent  as  we  might  wish,  there  will  be  mo- 
mentary drops  of  potential,  caused  by  shortcircuits.  These  may 
last  only  half  a  second,  but  half  a  second  is  a  long  time  when 
measured  by  alternations  of  current,  and  it  is  long  enough  to 
make  these  machines  let  go,  and  then  the  service  is  interrupted. 
This  may  be  answered  by  saying  that  the  regulation  oi  the 
machines  at  Niagara  Falls  is  not  tirstclass  as  judged  by  modem 
standards,  and  that  is  true ;  but  the  improvement  that  can  be 
effected  by  bringing  up  the  regulation  of  the  generators  is  a 
quantitative  one  and  I  am  not  at  all  sure  that  with  the  best  that 
can  be  done  in  improving  the  regulation  of  the  alternators  we 
shall  escape  the  difficulty  that  now  exists,  in  view  of  the  fact  that 
we  have  line  drop  and  drop  in  the  transformers,  as  well  as  drop  in 
the  alternators  themselves. 

As  to  wave  shapes,  it  is  true  that  the  power  company  has  not 
had  any  trouble  very  recently  with  the  operation  of  synchronous 
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motors  or  rotary  converters  from  that  cause;  neverthelesj?,  it 
seems  to  me  that  it  is  wise  in  designing  machinery  to  attain  as 
nearly  as  possible  a  perfect  sine  curve.  I  regard  it  as  a  mis- 
fortune that  the  potential  curve  of  the  Niagara  Falls  alternators 
is  flattened,  and  we  have  sometimes  suspected  that  a  third  har- 
monic was  responsible  for  some  of  our  cable  trouble.*. 

It  seems  to  me  that  the  argument  that  you  need  pay  no 
attention  to  wave  shapes  because  inductance  tends  to  reduce 
them  to  a  sine  form,  is  on  a  par  with  the  argument  of  a  man 
who  should  say, ''It  is  no  use  to  cut  gears  with  great  care, 
because  they  will  wear  themselves  all  right  if  you  give  them  time.'' 

As  to  the  clearance  of  the  induction  motor,  it  is  true  that  it  is 
necessarily  less  than  the  clearance  of  a  synchronous  motor  of 
corresponding  output,  and  for  this  reason,  mechanically,  the  motor 
is  not  quite  on  a  par  with  the  synchronous  motor  but  I  have 
never  known  a  case  where  in  America  the  small  clearance  has 
led  to  trouble.  If  ^th  of  an  inch  has  been  used  abroad  in  some 
of  these  transmission  systems,  I  can  well  imagine  it  would  be 
very  difficult  to  keep  the  machines  lined  up;  but  with  ordinary 
care  I  believe  a  good  clearance  in  the  induction  motor  will  admit 
of  a  power  factor  at  full  load  of  90  per  cent,  and  upward, 
which  is  sufficient. 

Mr.  Oberlin  ISmith. — Mr.  Scott's  paper  interested  me  very 
much  in  its  presentation  of  the  deadly  parallel  columns.  The 
left  hand  one  seemed  to  involve  almost  as  much  as  the  rules 
of  golf,  and  to  involve  also  the  consulting  engineer,  which  in 
that  game  we  call  the  caddie.  This  may  probably  be  one  of 
the  objections  to  the  synchronous  motor,  where  it  is  used  in 
numbers  about  an  establishment,  rather  than  its  small  size.  I 
am  not  competent  to  judge  of  it  in  station  work,  not  being  ex- 
perienced in  that  line.  V  ery  likely  these  motors  have  much 
value  where  conditions  are  uniform  and  the  plants  are  large.  I 
speak,  however,  rather  from  the  standpoint  ot  the  user  and 
adapter  of  motors,  than  from  that  of  the  maker  and  designer, — 
from  the  standpoint  of  the  mechanical  engineer.  Now,  there  is 
one  very  important  field  that  small  motors  can  occupy;  that  is, 
running  individual  machine  tools,  including  presses,  for  punch- 
ing, shearing,  drawing  and  such  work.  I  believe  the  time  is 
coming  when  all  our  new  machine  shops,  where  it  is  not  an  ob- 
ject to  save  an  old  plant,  will  do  away  entirely  with  shafting 
and  belting  and  use  individual  motors.  We  have  not  quite  got 
to  this  ideal  condition  yet.  We  have  in  some  shops,  to  a  great 
extent,  carried  out  the  principle,  but  there  is  much  more  mission- 
ary work  to  do.  An  important  question  that  is  to  be  solved  in 
the  immediate  future,  is  whether  these  motors  will  be  continuous 
current  machines,  such  as  are  now  mostly  used,  or  whecher  alter- 
nating current  can  enter  the  field.  Very  probably  it  can,  but  in 
such  cases  it  seems  to  me  that  the  induction  motor  must  be  more 
suitable  than  the  synchronous,  because  of  its  simplicity.     As  a 
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mechanical  engineer,  I  think  the  induction  motor  will  appeal 
to  all  of  us  of  that  profession  as  much  the  simpler  machine, 
where  you  simply  have  a  rotary  shaft  running  through  bearings, 
and  where  it  will  run  of  itself,  as  has  been  expressed  by  Mr. 
Scott— go  on  of  its  own  account  and  be  happy.  Whether  syn- 
chronous motors  always  will  thus  remain  joyful  may  be  open  to 
doubt.  What  we  want  of  you  electrical  engineers  and  designers 
are  motors  and  dynamos  which  we  can  take  into  this  large  grow- 
ing field,  the  running  of  individual  machines,  of  ordinary  ma- 
chine tools.  As  we  all  know,  with  most  of  them,  such  as  lathes 
and  drilling  machines  especially,  the  load  varies  enormously,  as 
well  as  the  speed.  We  want  a  motor  that  will  give  us  as  much 
change  of  speed  as  possible;  but  as  wc  can  not  expect  all  that 
is  necessary  we  must  get  the  rest  of  it  by  change-gearing,  etc. 
In  running  presses  and  punching  machines  we  don't  want  much, 
if  any,  change  of  speed,  but  we  do  want  very  great  variation  of 
load;  and  I  think  the  special  attention  of  designers  of  small 
motors  of  this  kind,  in  the  coming  years,  should  be  directed  not 
only  toward  improving  them  but  toward  getting  them  in  shape 
to  be  made  on  the  "duplicate  plan,"  so  that  we  can  put  them  in 
without  their  costing  a  great  deal.  Moreover,  we  must  have 
the  simplest  possible  motor  in  its  mechanical  construction,  in 
its  operation,  and  in  its  necessity  for  attention.  If  we  can 
use  tlie  alternating  current,  with  inductio;a  motors,  so  much  the 
better.  In  many  cases  we  want  an  individual  plant  for  a  ma- 
chine shop,  with  the  generator  on  the  premises,  not  depending 
on  outside  current,  and  which  shall  run  the  machines  individu- 
ally or  run  them  in  small  groups  with  short  lines  of  shafting. 
For  this  service  we  obviously  must  have  as  simple  as  possible 
a  machine,  and  something  that  can  be  purchased  very  cheaply. 

Mr.  Mershon  : — I  am  very  much  interested  in  the  paper  by 
Dr.  Perrine,  as  it  bears  on  a  subject  to  which  I  have  given  a 
great  deal  of  attention.  The  results  of  the  Telluride  work  to 
which  Dr.  Perrine  refei*s,  on  the  losses  occurring  through  the  air 
between  wires  at  high  voltages,  form  a  considerable  portion  of  a 
paper*  read  before  this  Institute  at  Omaha  in  189S  by  Mr.  0. 
F.  8cotr.  This  work  was  done  by  me  and  my  assistants,  and 
under  my  sole  direction,  and  the  results  of  it  represent  much 
time  and  patience  and  were  obtained  under  very  difficult  condi- 
tions. The  question  of  the  variation  of  loss  as  the  size  of  the 
conductors  is  varied  was  not  treated  in  Mr.  Scott's  paper,  neither 
was  it  taken  up  in  the  report  of  mine  from  which  Mr.  Scott 
obtained  the  results  of  my  work,  for  the  reason  that  there  were 
no  facilities  at  Telluride  for  taking  measurements  on  the  high 
voltage  losses  between  wires  of  diflferent  sizes,  there  being  avail- 
able only  one  size  of  wire. 

But  it  has  been  known,  I  think,  for  some  time  that  the  loss 
between  wires  depends  on  the  radii  of  curvature  of  the  wires 
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themselves.  I  think  it  is  pretty  well  recognized  that  the  loss  is 
a  fanction  of  the  rate  of  fall  of  potential  at  the  surface  of  the 
wire,  which  rate  of  fall  of  potential  is  a  function  of  the  radius  of 
curvature  of  the  wire  and  of  the  distance  between  wiree.  When  the 
distance  between  wires  is  large  relative  to  their  diameter  the  varia- 
tion in  the  rate  of  fall  of  potential  at  the  surface  of  the  wire  is 
comparatively  small  as  the  distance  changes  and,  consequently, 
changes  in  distance  do  not  make  much  dif^rence  in  loss,  whereas 
changes  in  the  sizes  of  wire  may  make  a  very  considerable  differ- 
ence. I  think  the  remark  which  was  made  afterwards,  that  the 
loss  with  stranded  conductors  will  probably  be  larger  than  with 
solid  wires,  is  a  point  well  taken,  altnough  the  difference  will  be 
less  after  the  conductors  have  been  exposed  to  the  weather, 
because  the  solid  conductors  themselves  will  become  more  or  less 
roughened,  and  this  in  itself  determines  to  a  great  extent  the 
losses  that  occur.  It  is  very  difficult  on  that  account  to  deter- 
mine experimentally  the  law  of  variation  of  loss  with  different 
sized  conductors,  because  it  is  almost  impossible  to  get  wires 
which  are  uniformly  smooth,  or  uniformly  rough,  whichever  way 
you  may  put  it.  1  have  been  endeavoring  lately  to  get  a  few 
measurements  in  an  entirely  different  way  from  that  wliich  was 
adopted  at  Telluride,  but  so  far  the  results  have  not  been  very 
consistent.  A  knowledge  of  this  law  is  essential  to  the  general 
solution  of  the  problem  Dr.  Perrine  mentions,  namely,  what  is 
the  best  voltage,  from  the  standpoint  of  line  losses,  to  use  in  the 
case  of  any  given  transmission.  There  is  a  point  which  Dr. 
Perrine  has  not  mentioned,  which  is  of  importance  in  connection 
with  that  portion  of  the  line  loss  which  occurs  between  con- 
ductors, ana  that  is,  that  in  cases  where  high  voltages  are  used, 
the  drop  in  voltage  over  the  line  will  be  considerable,  so  that  the 
loss  per  unit  of  length  of  line  will  be  less  as  we  go  along  the  line 
from  the  generating  to  the  receiving  station.  As  a  result,  while 
we  may  start  out  with  a  very  formidable  loss  between  unit  lengths 
of  the  line  conductors,  the  total  loss  between  conductors  over  tbe 
whole  line  may  be  comparatively  small,  because  the  loss  per  unit  of 
length  has  fallen  to  a  small  value  or  even  to  zero  by  the  time  we 
have  reached  the  receiving  end  of  the  line,  or  it  may  have  fallen 
to  zero  before  we  have  reached  the  end  of  the  line.  The  loss  be- 
tween wires  is  largely  dependent  on  the  wave  form  existing  on 
the  circuit.  A  peaked  wave  form  runs  the  loss  up  very  greatly 
and  a  flat  wave  form  does  the  reverse.  As  regards  the  e&ct  on 
wave  form,  I  noticed  that  Dr.  Perrine  spoke  always  of  the  "  flat- 
tening "of  the  wave  form.  I  do  not  think  it  is  necessarily  a 
flattening.  It  may  be  either  a  flattening  or  a  sharpening^  depend- 
ing upon  the  relations  between  reactance  and  capacity  in  the 
circuit  and  the  original  form  of  the  wave.  I  have  obtained  both 
effects,  and  very  markedly,  and  in  addition  to  that  I  have  obtained 
the  jagged  waves. 
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As  regards  the  question  of  the  power  factor  of  motors,  I  do  not 
want  to  go  into  a  discussion  on  the  relative  merits  of  synchronous 
and  induction  motors  as  I  was  in  a  similar  discussion  yesterday 
but  I  will  say  this,  that  I  lean  toward  the  induction  motor  when  it 
comes  into  competition  with  the  synchronous.  However,  I  think 
that,  as  I  said  yesterday,  each  motor  has  its  own  place  and  its 
particular  sphere,  and  it  is  a  question  of  judgment  as  to  where 
one  sphere  begins  and  the  other  ends.  But  there  were  one  or  two 
points  made  with  which  I  cannot  quite  agree.  One  of  them  is 
as  to  the  power  factor  which  can  be  maintained  under  working 
conditions  with  the  synchronous  motor.  I  do  not  think  it  can  be 
maintained  at  anything  like  the  figure  that  is  ordinarily  given. 
As  to  the  synchronous  motor,  connected,  as  Mr.  Steinm'etz  sug- 
gested, without  any  field  rheostats,  I  do  not  think  there  is  any 
circuit  operating  in  this  country,  unless  with  phenomenally  eood 
attendance,  where  a  ()Ower  factor  of  95  woula  be  maintained.  I 
think  the  change  in  voltage  on  the  circuit,  the  change  in  resist- 
ance in  the  motor  field  and  all  the  other  changes  that  would  occur, 
would  cause  the  power  factor  to  vary  a  considerable  amount  from 
this  value. 

As  regards  the  relative  efficiency  of  the  two  machines,  I  am 
not  going  to  speak  from  the  standpoint  of  design,  but  I  would 
like  to  speak  from  the  standpoint  of  the  men  who  are  receiving 
competitive  bids.  Some  time  ago  1  had  occasion  to  prepare  speci- 
fications for  motors,  motor  generator  sets  of  considerable  size, 
and  I  asked  for  bids  on  both  synchronous  and  induction  motors. 
The  machines  were  in  the  neighborhood  of  500  k.  w.  capacity. 
The  efficiencies  guaranteed  by  the  different  competitors  were 
almost  exactly  the  same.  They  were  practically  the  same  on  in- 
duction and  synchronous  motors  from  the  same  makers.  I  may 
say  also  that  on  those  sets  the  power  factors  guaranteed  for  the 
induction  motors  at  full  load  were  in  one  case  92,  and  in  the  other 
92i  per  cent,  which  I  thought  was  pretty  good. 

Ticb-Pebsident  Dunn: — Gentlemen,  one  of  the  greatest 
pleasures  of  our  present  Convention  is  the  presence  of  our  foreign 
visitors.  We  have  enjoved  hearing  from  them  in  the  previous 
discussions,  and  I  should  now  like  to  extend  the  floor  to  our  dis- 
tinguished guest  Mons.  Paul  Janet  of  Paris,  delegate  from  the 
International  Society  of  Electrical  Engineers. 

Pbof.  Paul  Janet  [^Trcmslation] : — I  regret  that  I  have  not 
had  sufficient  time  to  study,  as  it  deserves,  the  important  paper 
of  Mr.  Steinmetz  on  accidental  rises  of  potential  in  alternating 
current  conductors ;  however,  I  desire  to  bring  to  your  attention, 
as  a  case  which  is  probably  closely  related  to  tnis  line  of  thought, 
a  certain  interesting  accident  which  occurred  on  a  high-potential, 
three-phase,  underground  line  during  the  Paris  Exposition,  in 
1900.  A  feeder  oi  this  net- work  was  run  along  one  of  the  tem- 
porary passage-ways  built  over  the  Seine  for  use  during  the  Ex- 
position.    A  workman,  through  carelessness,  hammered  a  nail 
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into  this  cable,  and  thus  caused  a  direct  short- circuit,  and  probaMy 
also  a  strong  arc ;  now,  there  were  noticed  under  those  circum- 
stances, two  ruptures  of  the  cable  insulation  at  points  distant  two 
or  three  kilometres  from  the  point  where  the  accident  occurred. 
This  fact  seems  to  me  to  be  closely  connected  with,  and  to  come 
under,  the  theories  of  Mr.  iSteinmetz. 

With  reference  to  the  interesting  parallel  between  synchronous 
and  induction  motors  presented  by  Mr.  8cott,  I  am  reminded  of 
still  another  accident  which  I  would  like  to  relate  to  you,  for,  in 
truth,  the  study  of  accidents  will  ever  be  more  instructive  than 
the  study  of  normal  working.  In  this  case,  there  was  a  long  dis- 
tance transmission  (4:0  kilometres,  or  about  24  miles)  with  nieh- 
tension  tri- phase  currents  (12,000  volts).  Some  repairs  bemg 
necessary  in  the  overhead  line,  word  was  sent  by  telephone  to 
the  generating  station  to  stop  the  generators.  This  order  having 
been  executed,  the  workman  in  charge  of  the  work  touched  the 
wires,  and  received  a  shock,  the  line  having  retained  its  potential 
in  spite  of  the  stoppage  of  the  generators.  Here  is  what  had 
happened :  in  one  of  the  receiving  stations,  a  synchronous 
motor  was  working  in  parallel, driven  by  a  turbine;  the  current 
having  been  cut  off,  the  turbine  had  continued  to  turn,  and  had 
driven  the  synchronous  motor,  which  thus  became  transformed 
into  a  generator,  and,  by  means  of  its  transformers,  had  kept  up 
the  potential  on  the  line.  Such  an  accident  could  evidently  have 
been  avoided  by  the  tise  of  an  induction  motor,  and  from  this 
standpoint,  the  latter  seems  to  insure  much  greater  safety ;  but 
we  should  not,  nevertheless,  attach  too  much  importance  to  this 
kind  of  consideration,  for  it  is  not  difficult  to  introduce  automatic 
appliances  which  might  cut  off  the  current  in  such  a  way  as  to 
isolate  the  line  in  a  case  of  this  kind. 

President  Steinmetz  : — I  desire  to  say  in  answer  to  our  dis- 
tinguished foreign  visitor,  that  such  apparatus  as  he  has  men- 
tioned as  being  designed,  is  in  actual  operation  here.  Such 
reverse-current  circuit  breakers  which  cut  off  the  current  in  case 
of  a  reversal  are,  1  believe,  in  operation  here  at  Buffalo  on  the 
Niagara  system. 

There  are  several  other  points  which  I  should  like  to  discuss* 
One  is  the  question  as  to  loss  of  energy  in  stranded  conductors. 
I  have  not  investigated  this  particular  "feature,  but  some  investi- 

Sations  of  the  disruptive  effects  and  luminous  discharges  at  very 
igh  voltages,  lead  me  to  believe  that  the  loss  with  stranded  con- 
ductors will  not  depend  so  much  on  the  radius  of  curvature  of 
each  individual  strand,  but  on  the  radius  of  curvature  of  the  total 
cable,  for  the  following  reasons:  At  very  low  and  relatively  low 
voltages,  the  surface  condition  of  the  conductor,  or  terminal,  is 
of  very  great  importance.  The  higher  you  go  in  voltage  the  less 
important  this  becomes,  until  ultimately,  at  rery  high  voltages^ 
the  surface  condition  is  entirely  immaterial,  and  even  spheres  and 
needle  points  are  practically  alike,  which  means,  in  other  words. 
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that  very  high  voltages  at  terminal  operate  not  on  the  actual  sur- 
face of  the  solid  substance,  but  a  space,  of  practically  uniform 
curvature,  surrounding  the  surface,  that  is,  the  space  covered  by 
the  luminous  or  brush  discharge,  and  thereby  brought  in  electri- 
cal commnnication  with  the  terminal,  and,  therefore,  I  should 
believe  that  a  stranded  cable  would  act  like  a  solid  conductor  of 
the  same  external  diameter. 

Now,  regarding  one  more  point,  that  of  the  synchronous  and 
the  induction  motors  at  low  voltage.  Obviously,  the  advantage 
of  one  or  the  other  motor  depends  on  the  shape  of  the  torque 
curve,  and  no  one  has  ever  mentioned,  and  I  know  of  no  publica- 
tion on,  the  shape  of  the  sjnchronous  motor  torque  curve,  aa  a 
function  of  the  impressed  voltage.  Home  years  ago  I  had,  how- 
ever, some  careful  investigations  made  which  led  me  to  the  con- 
clusion that  the  maximum  torque  of  a  synchronous  motor,  within 
a  certain  range,  varies  in  direct  proportion  to  the  terminal  volt- 
age, so  that  a  drop  of  voltage  of  10  per  cent,  will  lower  the  maxi- 
mum torque  of  the  synchronous  motor  only  10  per  cent.,  while 
we  know  that  in  the  induction  motor  the  maximum  torque  varies 
with  the  square  of  the  impressed  voltage.  Thus,  other  things 
being  equal,  the  synchronous  motor  with  low  voltage  will  main- 
tain its  torque  longer  than  tlie  induction  motor.  The  reason 
probably  is,  that  with  the  induction  motor  tlie  two  factors  of 
torque,  the  magnetic  Held  intensity  and  the  induced  armature 
currents,  both  decrease  with  the  impressed  voltage,  while  with 
the  synchronous  motor,  the  one  factor,  the  field  intensity,  is  at 
constant  field  excitation,  more  nearly  independent  of  the  in>- 
pressed  voltage.  The  synchronous  motor  is  sensitive,  however, 
to  rapid  changes  of  frequency. 

Pbof.  Aldrich  : — In  regard  to  the  paper  by  Mr.  Scott,  we 
have  had  some  experience  in  throwing  in  induction  motors  on 
synchronous  motor  circuits,  and  found  as  mentioned,  very  pro- 
nounced disturbances,  especially  when  the  synchronous  motor  is 
operated  on  a  circuit  with  marked  phase  displacement.  An  in- 
duction motor  may  be  thrown  in  on  a  synchronous  motor  circuit 
practically  without  any  regard  to  the  load  on  the  induction  motor, 
when  the  synchronous  motor  is  operated  at  or  near  its  normal 
excitation ;  that  is,  essentially  at  unity  power  factor. .  The  syn- 
chronous motor  would  repeatedly  break  down  when  the  induction 
motor  was  thrown  upon  its  circuit  if  the  synchronous  motor  were 
over-excited,  so  producing  heavy  leading  currents  equivalent  to 
a  large  capacity  effect  on  the  line.  The  object  in  view  was  to 
neutralize  the  capacity  of  the  over-excited  synchronous  motor 
with  the  inductance  of  the  induction  motor.  It  was  found  im- 
possible at  times  to  effect  complete  neutralization.  In  practical 
operation  it  is  usually  necessary  to  bring  the  synchronous  motor 
to  normal  excitation  or  unity  power  factor.  The  induction 
motor  may  then  be  thrown  in,  and  the  excitation  of  the  syn- 
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chronouB  motor  increased  above  the  normal  with  its  correspond- 
ing condenser  effect  to  offset  the  inductance.  The  machines  can- 
not be  instantly  or  suddenly  thrown  in  under  any  load  or  with 
any  excitation.  That  is  pointed  out  in  Mr.  Scott's  paper.  Your 
attention  is  merely  invited  to  this  as  an  experimental  demonstra- 
tion. We  have  repeatedly  tried  to  corroborate  these  printdples 
in  the  laboratory.  Perhaps  there  are  others  who  have  similarly 
used  much  larger  commercial  units. 

Another  point  is  brought  to  our  attention  in  this  relation; 
namely,  the  large  current  carrying  capacity  of  the  synchronous 
motor  required.  We  used  two,  four  and  seven  k.  w.  induction 
motors  on  a  7i  k.  w.  synchronous  motor  circuit.  With  such 
varied  induction  motor  reactances  it  was  pmctically  possible  to 
effect  neutralization,  bringing  the  circuit  to  unity  power  factor. 
Conditions  arose,  however,  in  the  synchronous  motor  where  with 
practically  no  load  upon  it,  a  lOO  ampere  fuse  would  be  blown, 
which  was  much  over  the  normal  rated  capacity  of  the  machine. 
Unless  precautions  are  taken  under  these  and  similar  conditions 
of  extreme  phase  displacement  fuses  will  be  blown  under  no  load. 

Dr.  Pereine: — As  regards  the  influence  of  stranding  con- 
ductors, I  think  Mr.  Mershon  and  Mr.  Steinmetz  between  them 
hare  answered  the  objection.  The  influence  is  dependent  upon 
the  distance  between  surfaces,  and  where  you  have  the  separation 
that  is  given  in  an  ordinary  transmission  line,  the  stranded  con- 
ductor acts  practically  as  a  solid.  This  makes  possible  the  use  of 
aluminum  for  euch  lines,  and  bears  out  the  observation  that  with 
aluminum  we  can  transmit  less  power  than  we  could  otherwise, 
where  very  high  potentials  have  to  be  used.  Aluminum  is  a  very 
diflScult  material  to  use  as  a  solid  conductor  and  is  practically 
limited  in  its  use  to  strands,  owing  to  the  qualifications  of  the 
wire  as  regards  splicing  and  many  other  practical  details  that  it 
is  not  necessary  to  ffo  into.  Regarding  trie  point  raised  by  Mr. 
Fisher  and  also  by  Mr.  Mershon  that  under  certain  circumstances 
the  capacity  will  actually  produce  a  hump  in  the  e.  m.  f.  curve, 
rather  than  a  depression — that  is  true.  It  is  generally  the  case 
with  ordinary  circuits  and  ordinary  wave-forms,  that  out  alon^ 
the  line — not  at  the  generator — the  e.  m.  f.  wave  will  be  found 
depressed.  As  I  attempted  to  show,  in  calling  attention  to  the 
fact  that  the  paper  as  originally  printed  was  not  entirely  correct 
— the  effect  in  itself  is  very  complicated.  In  determining  the 
wave-form  at  any  point  we  liave  to  take  into  account  the  resist- 
ance, self-induction  and  capacity  together,  as  well  as  the  initial 
harmonics  of  the  wave  form,  and  the  fact  that  under  certain  cir- 
cumstances a  peaked  wave  is  made,  essentially,  is  shown  very 
clearly  in  Fig.  1,  page  3t)5  where  the  harmonics  of  the  e.  ni.  f. 
wave,  which  are  almost  imperceptible  in  that  wave,  become  de- 
cidedly peaked  harmonics  in  the  current  wave ;  and  the  state- 
ment should  be  simply,  that  the  effect  of  capacity  generally  is  to 
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depress  the  peak  of  the  wave,  although  that  is  not  altogether 
true.  In  some  cases,  under  very  many  conditions,  the  effect  of 
capacity  is  to  give  peaks  which  coincide  with  the  harmonics  that 
are  in  the  fnndameiital. 

Vice-Pkksident  Dunn: — The  floor  is  now  extended  to  Mr. 
Scott  for  the  closure  of  discussion  on  his  paper. 

Mb.  Soott: — I  will  limit  myself  to  a  tew  general  statements 
which  will  cover  quite  a  number  of  specific  points  which  were 
brought  up  in  the  discussion  upon  my  paper.  Both  President 
Steinmetz  and  Mr.  Emmet  pointed  out  quite  truly  that  the 
various  so-called  theoretical  difficulties  in  the  adaptation  of  syn- 
chronous motors  to  the  circuit,  were  fortunately  those  which 
were  seldom  of  actual  occurrence,  but  botfi  of  the  gentlemen  used 
substantially  similar  expressions  to  the  effect  that  the  troubles  do 
not  occur  where  the  conditions  of  design  are  proper.  Those 
conditions  of  design  have  fortunately  been  determined  by  the 
larger  companies  and  the  principal  engineers  operating  this  kind 
of  apparatus.  Those  principles  of  design  were  not  secured  off 
hand  or  a  priori^  but  nave  been  somewhat  of  an  evolution  from 
experiences  of  the  first  few  years  in  the  application  of  the  earlier 
apparatus  in  service.  Looking  at  the  subjt?ct  in  a  broad  way, 
any  generator,  or  any  motor,  made  by  anybody,  is  not  likely  to 
follow  these  conditions  of  proper  design.  The  requirements, 
therefore,  for  the  successful  operation  of  a  synchronous  motor, 
demand  of  the  designer,  the  consulting  engineer  and  the  pur- 
chaser, a  closer  and  different  class  of  attention  than  is  necessary 
for  the  induction  motor.  I  am  not  at  all  taking  the  position  that 
the  synchronous  motor  will  not  work,  or  cannot  work,  or  does 
not  work ;  but  I  have  endeavored  to  point  out  certain  conditions 
of  difference,  mainly  those  in  service,  which  have  led  to  the  large 
introduction,  and  [  think  the  ascendancy,  of  the  induction  motor. 

A  number  of  times  in  the  discussion,  the  starting  current,  that 
great  bugbear  in  many  minds  in  ttie  consideration  of  the  induc- 
tion motor,  has  been  brought  up,  but  I  have  failed  to  see  pointed 
out  by  any  of  the  speakers  anything  to  show  that  the  synchronous 
motor  would  do  better.  What  can  be  done  with  the  synchronous 
motor  ?  If  a  starting  motor  is  used,  or  some  other  device,  why, 
we  have  the  same  thing  available  for  the  induction  motor,  but 
usually  the  induction  motor  can  itself  do  better  than  the  auxiliary 
device  could  do.  It  has  been  noted  that  in  some  places  the  effect 
of  starting  the  induction  motor  with  load  is  to  *'  kill"  the  s^'stem. 
What  would  the  synchronous  motor  do  under  similar  circum- 
stances? It  is  pointed  out  by  Mr.  Still  well  that  in  a  certain  case, 
one  type  of  synchronous  motor,  that  is,  a  rotary  converter,  took 
some  fave  times  its  full  load  current  for  starting  without  load. 
Even  granting  that  the  induction  motor  would  do  the  same,  it 
could  do  more  than  start  its  own  armature,  for  it  would  in  that 
case  be  developing  more  than  its  full  load  torque. 
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The  matter  of  eflSciency  in  power  has  been  referred  to  and  at- 
tention is  called  to  possible  differences  of  a  few  per  cent.  There 
is  something  larger  to  consider  than  this,  and  that  is  the  efficieney 
in  service.  If  one  class  of  apparatus  gives  assurance  of  lees 
trouble  in  operation,  less  liability  to  accident,  less  shut-down  io 
the  circuits  and  service,  that  demands  a  considerable  preference 
over  one  which  may  have  liabilities  to  disaster,  although  it  may 
have  a  little  greater  efficiency.  It  has  been  pointed  out  that  the 
synchronous  motor  and  the  induction  motor  behave  differently 
on  lower  voltages,  that  a  lowering  of  voltage  of  10  per  cent,  will 
lower  the  maximum  capacity  of  the  synchronous  motor  by  10  per 
cent,  and  that  of  the  induction  motor  by  about  twice  that  amount. 
The  criterion  to  settle  a  point  of  this  kind  is  that  of  service.  In 
which  case,  with  which  class  of  apparatus  is  there  the  most  diffi- 
culty from  this  cause?  And,  where  difficulty  does  occur,  with 
which  is  the  more  serious  ?  Another  point  may  be  made,  which  is 
referred  to  in  my  paper,  in  the  comparison  of  the  two  motors.  If 
the  synchronous  motor  is  overloaded  its  speed  curve  takes  a  verti- 
cal drop.  If  the  induction  motor  is  overloaded  it  comes  down  in 
speed  slowly  as  it  has  torque  at  low  speeds,  thus  making  use  of 
the  stored  energy  in  the  system. 

Dr.  Perrine  has  made  a  few  specific  statements  regarding  the 
operation  of  some  motors  of  large  size.  He  has  given  certain 
facts,  enough,  I  think,  for  me  to  identify  the  cases  to  which  he 
refers — one,  I  think,  a  400  h.  p.  and  the  other  a  300  li.  p.  motor. 
He  states  that  in  one  case,  the  300  h.  p.  motor  could  not  receive 
enough  current  to  start  a  flour  mill  when  operated  by  a  generator 
of  a  nttle  larger  size,  I  think,  400  k.  w.  or  such  a  matter.  There 
are  certain  otiier  facts  there.  One  is  that  to  start  a  flour  mill 
requires  a  very  large  torque,  as  the  parts  of  the  flour  mill  get  in 
position  where  it  requires  a  very  great  effort  to  start  them,  so 
that  a  torque  considerably  greater  than  the  normal  running 
torque  is  necessary  for  starting  a  complete  flour  mill.  Any 
motor  would  legitimately  be  allowed  a  fair  current  for  starting. 
In  this  case  I  have  not  the  figures  exactly  in  mind.  My  best 
recollection  is  that  the  generator  supplying  this  current  was  un- 
able to  give  a  current  to  the  motor  equal  to,  say,  twice  the  full 
load  current.  The  generator  was  one  of  a  type  with  the  saturated 
field,  so  that  a  very  considerable  field  current  is  required  for  in- 
creasing voltage,  and  the  exciter  was  doing  the  beet  it  could  as 
its  belt  was  thrown  off  during  the  process  of  trying  to  give 
enough  exciting  current  to  the  generator  to  start  the  motor.  At 
reduced  voltage  and  at  a  power  factor  of  about  60  per  cent, 
the  generator  could  give  an  ampere- volt  output  wliich  was 
only  slightly  above  its  normal  rating.  That  is,  the  maximum 
that  that  "generator  could  give  was  not  double  current,  or  three 
times  the  normal  current,  but  it  was  equivalent  to  only  a  little 
more  than  its  normal  output,  so  that  it  would  hardly  be  reason- 
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able  to  expect  any  motor  to  receive  from  that  generator  enough 
current  to  start  the  flour  mill.  The  induction  motor  was 
first  designed  for  better  running  than  starting  conditions, 
which  was  not  the  most  favorable  for  that  service.  The  men 
were  required  to  pull  on  the  belt.  If  I  remember  correctly 
I  was  one  of  the  men  at  a  certain  time.  He  states  that 
some  four  friction  clutches  were  used  in  the  mill.  He  did  not 
«tate  whether  these  were  in  series  or  multiple,  but  probably  thev 
were  in  multiple  for  different  sections  of  the  mill.  May  I  ask 
how  many  friction  clutches  would  have  been  reauired  and  what 
starting  conditions  would  have  been  required,  it  a  synchronous 
motor  had  been  used  in  that  case  ?  He  referred  also  to  a  400 
h.  p.  motor.  If  I  remember  correctly  it  was  the  same  firm  which 
had  bought  this  first  motor  and  put  it  in  the  flour  mill,  and  had 
had  these  various  troubles,  which  was  later  to  equip  another  mill. 
Did  they  leave  the  induction  motor  and  buy  the  synchronous 
motor,  or  take  anything  else  ?  No.  They  used  the  same  kind  of 
a  motor  for  that  second  place. 

I  am  not  quite  sure  what  the  reasons  are  here  in  Buffalo,  but  I 
learned  just  a  few  minutes  ago,  however,  that  after  a  large  use 
of  synchronous  apparatus  in  one  of  the  stations  which  we  are  to 
visit  this  afternoon,  the  latest  addition  there  has  not  been  a  syn- 
chronous motor  but  a  large  induction  motor. 

Lastly,  this  is  not  so  much  a  question  of  theory  as  a  question 
of  fact.  What  is  the  experience  with  the  motors  of  the  two 
classes  ?  I  have  given  this  subject  pretty  careful  attention  for  a 
number  of  years  back,  and  have  tried  to  put  this  question  to 
plants  operating  synchronous  motors  and  induction  motors — 
**  Where  troubles  have  occurred,  of  whatever  kind,  would  they 
have  been  prevented  if  the  other  kind  of  motor  had  been  used  ?" 
There  may  be  accidents  which  cannot  be  prevented.  They  mav 
occur  through  carelessness;  they  may  be  caused  by  diort  circuit 
on  the  line.  It  may  be  that  a  momentery  short-circuit  or  accident 
on  one  line  has  caused  the  system  to  shut  down  and  it  has  taken 
a  little  while  to  start  up.  Could  the  trouble  have  been  avoided, 
could  the  system  have  been  more  easily  started,  or  would  the 
effects  have  been  more  disastrous,  if  the  other  kind  of  motor  had 
been  used  ? 

Vice-Pbesident  Dunn: — I  now  extend  the  floor  to  President 
Steinmetz  to  close  discussion  on  his  paper  and  on  Mr.  Kice's 
paper,  which  he  read. 

President  Steinmetz  :— Gentlemen,  all  I  have  to  say  is  that 
I  am  very  gratified  with  the  reception  of  my  paper,  and  I  was 
very  pleased  to  hear  from  our  friends  from  the  other  side  that 
some  features  dwelt  upon  in  my  theoretical  paper  had  been  ob- 
served in  actual  experience  there,  as  they  have  been  observed  a 
number  of  times  in  this  country. 
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Regarding  the  secoDd  paper,  of  Mr.  Rice^s,  I  desire  to  draw 
jour  attention  to  one  feature,  and  that  is  the  tests  at  Kalamazoo 
at  a  voltage  of  25,000  and  40,000.  This  is  the  first  ease  which 
has  come  to  my  notice  where  the  oscillagraph  has  been  success- 
fully used  in  actual  service  conditions  of  a  transmission  plant  at 
so  high  a  voltage  as  40,000. 

[Adjourned  to  Friday,  Aug.  23.] 
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THE  ELECTRIC  TRANSMISSION   OF  POWER  FROM 
NIAGARA  FALLS. 

BY    LEWIS    B.    STILLWELL. 


I,  Introduction. 

The  history  of  the  Niagara  Falls  power  plant  is  a  deraonstra- 
tion  of  the  ability  of  applied  electrical  engineering  science  to 
attain  in  commercial  practice  results  predicated  in  large  degree 
upon  theory.  In  a  most  striking  manner,  it  exhibits  the  fact 
that  for  nearly  a  decade  electrical  engineering  has  been  estab- 
lished upon  a  basis  as  certain  and  permanent  as  other  branches 
of  enginttering ;  that  eight  years  ago — a  long  time  in  our 
profession — it  was  possible  to  so  plan  an  electrical  installa- 
tion involving  ultimately  the  transmission  and  distribution 
of  several  hundred  thousands  of  horse-power  that  at  the  present 
time  we  can  eflfect  itriprovement  only  with  respect  to  relatively 
unimportant  details,  the  aggregate  results  of  which,  if  adopted,, 
would  be  hardly  noticeable  as  affecting  the  cost  of  power.  I  think 
it  safe  to  say  that  if  the  Niagara  Falls  Power  Company  to-day 
were  facing  the  same  problem  which  they  solved  in  1898  and 
should  bring  to  bear  upon  it  the  same  comprehensive  and  thorough- 
going m^hods  which  at  that  time  characterized  the  work  of  its 
officers  and  directors,  their  solution,  based  upon  all  that  has  been 
learned  up  to  the  present  time,  would  be  so  nearly  identical  with 
the  solution  which  they  adopted  eight  years  ago  that  the  result- 
ing cost  of  power  delivered  to  users  would  not  be  affected 
even  to  the  amount  of  one  dollar  per  kilowatt  year. 
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These  facts  are  perhaps  in  no  sense  surprising  to  members  of 
this  Institute,  but  the  general  public,  and  even  many  men  of 
broad  intelligence  and  large  affairs,  unquestionably  still  have  a 
feeling  that  electrical  engineering  is  in  large  degree  experi- 
mental, and  that  capital  invested  in  electrical  enterprises  to  day 
may  vanish  tomorrow  by  reason  of  some  new  invention.  It  is 
surely  important  to  establish  confidence  in  the  certain  and  perma- 
nent character  of  adequate  electrical  engineering,  and  I  sliall 
ask  you  to  consider  the  Niagara  plant  with  special  reference  to  two 
thoughts,  viz.,  (1)  How  does  the  plant  as  it  now  stands  completed 
differ  from  the  plans  contemplated  in  October,  1893,  when  the 
original  contract  for  electrical  machinery  was  closed;  and  (2) 
What  has  experience  in  the  construction  and  operation  of  the 
first  plant  suggested  in  the  way  of  further  improvement?  The 
history  of  the  plant  considered  with  these  thoughts  in  mind  con- 
stitutes a  forceful  reply  to  the  statement  so  often  made  that 
"  electricity  is  in  its  infancy,"  and  should  go  far  to  establish  con- 
fidence in  the  ability  of  electrical  engineering  science  to  predict 
with  accuracy  results  that  are  reasonably  certain  to  be  realized 
in  practice. 

In  saying  that  if  the  Niagara  Falls  Power  Company  in  1901 
were  facing  the  problem  which  they  solved  in  1893,  the  solution 
now  would  be  substantially  identical  with  the  solution  then,  I 
am  not  saying  that  there  has  been  no  important  improvement  in 
electrical  methods  and  machinery  during  the  last  eight  years. 
Undoubtedly  the  art  has  advanced  ;  methods  of  manufacture  by 
reason  of  accumulated  experience  and  improved  facilities  are  far 
more  satisfactory  now  than  they  were  then.  Our  knowledge 
of  theory,  particularly  the  theory  of  alternating  currents,  is 
relatively  far  more  complete,  but  progress  in  alternating  current 
methods  since  1893  has  been  in  no  sense  revolutiMiary,  and  the 
time  has  long  since  passed  when  capital  might  reasonably  hesi- 
tate to  embark  in  well-considered  enterprises  depending  for 
success  upon  a  correct  application  of  electrical  engineering  skill. 
It  is  a  significant  fact  that  the  electrical  machinery  to  be  installed 
in  the  second  power-house  now  under  construction  will  differ  from 
that  now  in  use  in  power-house  No.  1  with  respect  only  to  de- 
tails of  constructioi,  relatively  unimportant,  while  nearly  every 
constituent  paii;  of  the  hydraulic  equipment  of  the  new  plant 
will  be  materially  and  even  radically  different  from  its  pre- 
decessor. 
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It  has  been  said  that  electricity  as  a  science  is  only  less  exact 
than  astronomy,  but  the  fact  that  a  science  is  exact,  by  no 
means  implies  that  there  is  but  one  reasonable  way  of  applying 
it  to  the  solution  of  an  engineering  ploblem.  Naturally,  in 
electrical  engineering,  as  in  other  departments  of  human  endeav- 
or, several  roads  often  lead  to  practically  the  same  goal,  and 
were  a  Niagara  problem  to  be  presented  for  solution  to-day  to 
the  members  of  this  Institute,.  I  have  no  doubt  that  the  plans 
proposed  would  exhibit  suflScient  variety  to  remove  all  fear  that 
practice  is  liable  to  become  so  "  standardized  "  as  to  leave  no  room 
for  originality,  new  ideas  and  consequent  progress,  but  I  imagine 
that  the  plans  proposed,  while  varied,  would  be  by  no  means  so 
widely  divergent  as  they  would  have  been  in  1893.  To  the  busi- 
ness man  without  technical  training  who  may  venture  to  read 
the  discussion  of  a  subject  like  this  by  an  engineering  society, 
the  natural  divergence  of  individual  views  expressed  with  respect 
to  frequency,  potential  and  all  the  rest  must  convey  the  impres- 
sion that  there  is  no  such  thing  as  established  lines  of  practice, 
but  when  these  differences  of  opinion  are  expressed  in  concrete 
units  of  cost  it  is  apparent  that  considerable  variety  of  detail  in 
plan  and  construction  may  be  consistent  with  attainment  of  the 
same  practical  result.  * 

II.  The  Problem  Pbesbnted. 

The  wisdom  or  unwisdom  of  the  plans  adopted  in  1893,  upon 
which  we  now  have  the  additional  light  of  eight  years'  extraord- 
inary activity  in  both  theoretical  and  practical  work,  must  be 
judged  with  reference  to  the  conditions  and  requirements  of  the 
market  for  power  then  assumed  rather  than  with  reference  to 
the  requirements  of  the  market  as  now  actually  developed.  It 
was  expected  in  1893  that  a  very  large  proportion  of  the  power 
developed  would  be  utilized  by  motors  in  mill  and  factory  work. 
With  regard  to  the  local  use  of  power  at  Niagara,  this  anticipa- 
tion has  not  been  realized  and  even  in  Buffalo  more  than  half 
the  Niagara  power  used  is  utilized  in  operating  the  street  rail- 
way and  lighting  systems. 

In  a  descriptive  memoir  which  I  drew  as  Electrical  Engineer 
of  the  Westinghouse  Company,  and  which  was  submitted  to  the 
Cataract  Construction  Company  under  date  of  February  6, 
1893,  my  understanding  of  the  problem  presented  was  stated  as 
follows : 
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"  We  are  to  lay  out  a  syetem  that  will  enable  you  to  take  energy 
at  the  upper  end  of  vertical  shafts  making  250  r.  p.  m.,  eaeh  shaft 
delivering  5000  h.  p.,  and  to  deliver  in  saleable  and  reliable  form 
the  largest  practical  and  economical  percentage  of  this  energy ; 
1st,  within  the  limits  of  Cataract  City,  distance  not  exceeding 
two  miles  ;  2d,  at  the  northern  boundary  of  the  City  of  Buffalo^ 
3rd  at  more  distant  points,  e.  g.,  New  York  and  Chicago. 

In  each  of  the  above  cases  energy  is  to  be  delivered  in  form 
available  for  : 

1.  Power  purposes. 

(a)  General  mill  and  factory  work,  pumping  stations,  etc.; 
units  of  from  10  to  1000  h.  p. 

(b)  Operation  of  street  railways ;  units  of  from  100  to  1000  h.  p. 

(c)  Miscellaneous  work  in  factories,  mills,  the  operation  of  ele- 
vators, printing  presses,  etc.;  units  1  to  25  h.  p. 

2.  Lighting  purposes. 

(a)  Arc  lights. 

(b)  Incandescent  lamps. 

3.  Electrolytic  purposes. 

It  is  proposed  to  ultimately  locate  twenty-five  5000-h.  p.  tur- 
bines at  the  power-station  on  the  American  side  of  the  river, 
and  upon  the  Canadian  side  of  the  river  an  as  yet  undeteruiined 
number  of  units  of  equal  size.  The  distance  between  the  power- 
stations,  by  way  of  the  Suspension  Bridge  is  2^  miles,  and  it  is 
desired  to  provide  electrical  connection  between  the  stations  so 
that  the  generating  apparatus  in  one  station  may  in  time  of 
emergency  be  substituted  for  that  in  the  other. 

While  the  above  stated  capacities  are  to  be  ultimately  installed,, 
the  immediate  requirements  are  limited  to  three  generating  unita^ 
of  5000-h.  p.  each,  with  whatever  apparatus  may  be  needed  in 
connection  therewith,  first,  to  transmit  and  distribute  energy 
within  the  limits  of  Cataract  City ;  second,  to  transmit  energy 
to  a  sub-station  located  at  the  northern  boundary  of  Buffalo. 

For  electrolytic  and  power  purposes  the  capacity  of  at  least 
one  machine  will  soon  be  called  for  at  the  manufacturing  center, 
Echota,  situated  7000  feet  from  the  power-station  on  the  Ameri- 
can side  of  the  river  within  the  limits  of  Cataract  City  ;  from  200 
to  300  H.  p.  will  be  needed  for  the  operation  of  an  electric  freight 
and  pjwseuger  railway,  extending  from  the  power-house  by  way 
of  Echota  to  a  junction  with  the  New  York  Central  Railway, 
situated  near  the  northeastern  limits  of  the  new  city  of  Niagara 
Falls. 

It  is  proposed  to  employ  one  or  two  generators  to  supply 
power  to  a  sub  station  at  the  northern  limit  of  Buffalo.  The 
amount  supplied  will  depend  upon  the  market  for  power,  and 
the  system  selected  must  be  such  as  will  admit  of  ready  and  sym- 
metrical increase  with  the  growth  of  the  demand.  As  stated  by 
Mr.  Adams,  the  principal  purposes  for  which  power  is  now  used 
in  the  city  of  Buffalo,  with  the  approximate  amounts  for  each^ 
are: 
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Pumping 4,090h.p. 

Operation  street  railways 8.000  h.  p. 

Arc  lighting 8,609  h.  p. 

In  addition  to  this  about  1,000  h.  p.  is  used  to  supply  incan- 
descent lamps,  and  there  is  also  a  considerable  amount  or  power 
used  for  raiscelJaneous  purposes  in  factories  and  mills. 

The  ability  to  reach  more  remote  markets  for  power, — as,  for 
example,  the  cities  of  New  York  and  Chicago, — will  depend  upon 
the  practicability  of  properly  insulating  the  conductors  used  for  the 
transmission  of  currents.  Kecent  progress  in  this  direction  has 
been  such  as  already  makes  our  available  radius  of  transmission 
greatly  exceed  the  aistance  between  the  power  station  and  the 
city  of  Buifalo,  and  it  is  desirable  that  the  system  selected  should 
be  such  as  will  lend  itself  to  future  transmission  over  very  great 
distancee. 

In  considering  the  above  requirements  we  note,  first,  that  the 
conditions  impose  the  following  «is  necessary  characteristics  of 
the  system : 

1st.  Alternating  currents  for  transmission. 

2nd.  Direct  currents  for  electrolytic  work. 

3rd.  Direct  currents  for  street  railway  purposes. 

For  general  power  purposes,  and  for  arc  and  incandescent 
light,  the  conditions  are  not  restrictive,  and  we  may  use  either 
alternating  current  or  direct  current.  But  while  both  alter- 
nating ana  direct  currents  are  needed,  it  is  in  the  highest  degree 
desirable  that  the  system  should  be  so  laid  out  as  to  admit  uni- 
formity in  size  and  type  of  generators.  This  feature  in  an  instal- 
lation is  of  the  greatest  value,  as  it  allows  ready  substitution  of 
one  generator  for  another  when  for  any  reason  such  substitution 
becomes  desirable.  It  implies  also  uniformity  in  auxiliary  sta- 
tion apparatus,  and  a  symmetry  of  system  which  is  invaluaole  in 
the  practical  operation  of  the  plant." 

III.  The  System  Adopted. 

The  system  chosen  to  meet  the  complex,  and,  up  to  that  time 
unprecedented  requirements  was  the  alternating  current  system 
using  two-phase  alternators  wound  for  25  cycles  per  second  and 
2,200  volts.  It  was  adopted  as  the  result  of  a  most  comprehensive 
and  pains-taking  investigation  conducted  under  the  personal  direc* 
tion  of  Mr.  Edward  D.  Adams,  President  of  the  Cataract  Con- 
struction Company,  assisted  at  every  step  from  the  inception  of  the 
enterprise  by  Dr.  Coleman  Sellers  as  his  chief  engineering 
adviser.  It  was  adopted  notwithstanding  the  fact  that  some 
of  the  greatest  scientists  of  the  day  advised  against  the  use 
of  alternating  current  and  in  favor  of  direct  current.     That  the 


Digitized  by  VjOOQIC 


460  8TILLWBLL  ON  NIAGARA  FALLS  PLANT.       [Aug.  28 

directors  of  the  company  in  1893  selected  a  system  sabstantially 
identical  with  that  which  they  would  undoubtedly  choose  to-day 
to  meet  a  similar  problem  is  due  in  very  large  degree  to  the 
great  ability  and  conscientious  care  of  that  grand  old  American 
engineer,  Coleman  Sellers,  of  Philadelphia,  himself  not  claiming 
special  knowelge  of  electricity,  but  possessed  of  vast  experience 
in  engineering  science  in  many  fields  and  excellently  qualified  to 
judge  both  electricians  and  their  works. 

The  Cataract  Construction  Company,  from  the  time  when  the  di- 
rectors and  Dr.  Sellers  seriously  began  their  study  of  the  problem 
of  utilizing  Niagara  power  in  1889,  to  the  time  of  closing  the  con- 
tract with  the  Westinghouse  Electric  Company,  of  Pittsburg,  Pa., 
for  the  first  three  alternators,  arrived  at  six  important  decisions 
with  respect  to  engineering  practice.  These  decisions  were :  (1)  to 
use  a  central  power  station  and  a  system  of  electrical  power  dis- 
tribution, "as  the  chief  means  of  distributing  the  power,  though 
perhaps  not  the  only  means  ;"  (2)  to  adopt  a  uniform  system  for 
both  local  and  long  distance  transmission ;  (3)  to  use  the  alter- 
nating current  system ;  (4)  to  reject  the  three  phase  system ; 
(5)  to  adopt  a  frequency  of  25  cycles  per  second  ;  (6)  to  use  alter- 
nators wound  for  about  2,000  volts  and  step-up  transformers  for 
transmission  to  points  not  economically  reached  by  the  potential 
generated. 

The  decision  to  use  a  central  power  station  developing 
power  in  large  amounts  by  turbines  located  in  a  limited 
number  of  large  wheel  pits  and  to  distribute  power  electrically 
instead  of  adopting  an  exclusively  hydraulic  development  as  gen- 
erally used  prior  to  that  time  in  the  development  of  water  power 
for  manufacturing  purposes,  was  undoubtedly  wise.  To  day  in 
new  plants  the  utilization  of  water  power  is  almost  invariably 
accomplished  by  means  of  electrical  distribution. 

To  adopt  the  alternating  and  not  the  direct  current  system  was 
also  undoubtedly  wise.  In  J  893,  however,  there  were  still  many 
who  believed  that  the  direct  current  system  possessed  superior 
advantages,  but  the  development  of  the  art  of  transmitting  and 
distributing  power  has  long  since  practically  settled  this  question. 
There  is  nothing  in  the  work  of  Thury,  or  othere,  who  have 
attempted  to  utilize  continuous  currents  at  high  potential  for 
long  distance  transmission  that  would  lead  us  to  question  the 
superiority  of  the  alternating  current  system  for  long  distance 
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transmisfiion  of  power.     The  transformer  is  the  key  to  the  sola 
tion  of  this  problem  which  those  who  had  done  most  in  the 
development  of  continuous  current  apparatus  in   1893 .  were 
generally  ready  to  admit  could  not  be  solved  by  continuous  cur- 
rent methods. 

The  wisdom  of  the  decision  to  reject  the  three-phasQ  system  is 
at  least  open  to  question.  This  decision  was  reached  by. the 
directors  of  the  Cataract  Construction  Company  in  May,  1893. 
I  am  on  record  prior  to  that  time,  and  in  fact  as  far  back  as 
1889,  in  advising  the  use  of  the  two-phase  system^  but  from 
present  knowledge  I  believe  that  the  decision  to  reject  the  three-  . 
phase  system  in  May,  1893,  was  a  mistake.  At  that  time  Charles 
F.  Scott's  clever  invention  of  the  method  of  winding  and  con- 
necting transformers  to  secure  three-phase  currents  from  a  t^o- 
phase  source  had  not  been  announced  and  but  for  that  inyentiojii^i 
it  is  my  opinion  that  the  additional  cost  of  conductors  required  ,. 
by  the  two-phase  system  would  to-day  turn  the  scale  in  favor  of 
the  three-phase  plan.  Under  the  conditions  existing  at  Niagara, 
however,  where  single  phase  power  is  required  in  a  number  of 
cases,  the  two-phase  arrangement  possesses  a  substantial  advan- 
tage in  the  entire  separation  of  phases  and  the  convenient  bal- 
ancing of  the  load,  and  were  a  new  Niagara  problem  to  be  pre- 
sented to-day  with  conditions  precisely  such  as  are  met  by  the 
existing  plant,  as  we  now  have  the  means  of  obtaining  three- 
phaee  currents  for  the  more  distant  and  therefore  more  .  ex- 
pensive transmission,  while  using  for  local  distribution  either 
single-phase  or  two-phase  circuits,  I  should  still  incline  to  the 
use  of  two-phase  alternators. 

As  regards  the  frequency  chosen,  viz. :  25  cycles  per  second, 
experience  since  1893  has  demonstrated  the  wisdom  of  its  selec- 
tion. This  frequency  is  to-day  more  generally  used  in  America 
in  electrical  distribution  for  power  purposes  than  any  other. 
Personally,  I  cousider  30  cycles  preferable,  but  at  Niagara  it  was 
not  possible  to  adopt  this  frequency  for  the  reason  that  the  speed 
of  the  turbines  had  be6n  fixed  at  250  revolutions  per  minute 
before  the  question  of  frequency  was  seriously  considered.  A 
16-pole  dynamo  at  250  r.  p.  m.  will  produce  33 J  cycles  per 
second  and  a  12-pole  dynamo  twenty-five  cycles  per  second. 
There  were  diflSculties  in  the  way  of  winding  a  14  pole  ma- 
chine for  two-phases,  and  after  very  careful  consideration  of  the 
relative  advantages  of  25  cycles  and  33J^  cycles  the  former  was 
chosen. 
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My  principal  reason  for  believing  that  a  frequency  of  30 
cycles  per  second  is  preferable  to  25  cycles  per  second  is  that 
110-volt  incandescent  lamps  of  16-candle  power  or  more,  when 
supplied  at  that  frequency  from  practically  any  commercial 
alternator,  are  free  from  any  suspicion  of  fluctuation  in  can  ile 
power  due  to  reversal  of  current,  while  at  25  cycles  such  is  not 
the  case.  At  Niagara,  the  town  of  Echota  is  satisfactorily  lighted 
by  incandescent  lamps  using  25-cycle  currents,  but  this  result 
is  somewhat  assisted  by  the  fact  that  the  potential  wave  of  the 
Niagara  alternators  is  flatter  than  a  sine  curve.  A  great  deal 
depends  upon  the  form  of  the  e.  m.  f.  wave,  although  I  do  not 
remember  having  seen  this  point  mentioned  in  any  of  the  pub- 
lished discussions  of  this  subject.  If  the  wave  be  pointed  or 
peaked,  i,  e,,  if  the  ratio  of  maximum  to  mean  value  of  the 
E.  M.  F.  during  a  half  cycle  materially  exceed  the  ratio  of  these 
quantities  in  a  sine  wave,  incandescent  lamps  will  show  visible 
fluctuation  at  frequencies  considerably  higher  than  is  the  case  if 
a  flattened  wave  be  used.  Of  course  a  110-volt  lamp  will  show 
fluctuation  under  conditions  when  a  50- volt  lamp  will  show  none 
and  presumably  220-volt  lamps  are  still  more  sensitive,  although 
I  have  never  tested  this  experimentally.  I  have  found  no  reason, 
therefore,  to  modify  the  opinion  first  formed  in  1890,  that 
for  plants  in  which  the  supply  of  power  is  the  principal 
object,  30  cycles,  which,  with  absolutely  satisfactory  results, 
permits  also  direct  supply  of  incandescent  lamps,  is  the  best 
frequency. 

The  alternators  were  wound  to  deliver  3,730  killowatts  at  any 
desired  potential  not  less  than  2,000  volts  and  not  exceeding 
2,400  volts.  My  intention  in  thus  defining  the  limits  of  work- 
ing potential  was  to  provide  for  drop  in  transmitting  and  dis- 
tributing circuits  using  2,000  volts  as  the  general  potential 
delivered  to  users  of  the  power  and  allowing  in  the  generators 
for  an  increase  of  potential  at  terminals  amounting  to  20^,  which 
amount  I  considered  might  be  necessary  in  undertaking  very 
distant  transmission  at  some  future  tims.  In  some  way  which 
has  never  been  clearly  explained,  tlie  ofiicers  of  the  Cataract  Con- 
struction Company  apparently  interpreted  the  phrase  ''from 
2,000  to  2,400  volts"  to  mean  2,200  volts  and  the  apparatus  used 
by  the  first  electrical  tenant  of  the  power  company,  viz. :  The 
Pittsburg  lleduction  Company,  which  apparatus  was  supplied  by 
the   General  Electric  Company,  was  wound   for  2,200   volts. 
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In  this  way,  the  delivered  potential  at  Itiagara,  and  subsequent- 
ly for  reasons  of  uniformity  in  Boffalo,  was  fixed  at  2,200  volts. 
The  reasons  for  choosing  a  potential  of  about  2,000  volts  are 
indicated  by  the  following  quotation  from  a  letter  which  I  wrote 
October  2,  1893 : 

"  We  should  mount  the  fields  of  the  generators  upon  the  ex- 
tended turbine  shafts  and  should  wind  the  stationary  armatures 
to  deliver  current  at  a  potential  of  from  2,000  to  2,400  volts.  This 
potential  is  well  adapted  to  your  work  in  Cataract  City.  It  is 
sufficiently  high  to  secure  good  economy  in  the  system  of  dis- 
tribution, and  it  is  not  so  high  as  to  impose  special  difficulty  and 
danger  in  the  insulation  of  the  circuits  and  the  manipulation  of 
the  switching  devices.  Motors  may  be  operated  from  circuits 
conveying  current  at  this  potential  without  the  use  of  step-down 
transformers. 

For  transmission  to  BufiPalo  and  other  distant  points,  we 
should  advise  a  high  potential,  say  10,000  volts,  obtained  by  step- 
up  transformers.  If  possible,  th^se  transformers  should  be  so 
designed  and  the  units  so  selected  as  to  permit  an  increase  in 
potential  of  the  long  distance  transmission  circuits,  say  to  20,000 
volts,  as  soon  as  experience  gained  in  transmission  at  10,000 
volts  may  indicate  the  practibility  of  insulating  the  circuits  for 
the  higher  potential. 

In  our  memoir  of  February  6,  we  recommended  800  volts  for 
the  potential  in  the  distributing  circuits  in  the  vicinity  of  the 
city  of  Niagara  Falls.  We  were  largely  guided  then,  as  now,  by 
the  consideration  that  the  potential  selected  should  be  the 
liighest  which  may  be  safely  employed  at  the  motors  without  the 
interposition  of  step-down  transformers.  We  assumed,  however, 
at  that  time  that  there  would  be  a  very  large  proportion  of  small 
motors,  as  is  the  case  in  the  hydraulic  plant  in  Geneva,  Switzer- 
land, but  we  are  now  advised  by  your  engineers  that  by  far  the 
larger  part  of  the  power  called  for  in  the  vicinity  of  the  Falls 
will  be  in  units  of  not  less  than  25  h.  p.  In  such  motors,  it  will 
generally  be  safe  to  employ  2,000  volts." 

As  I  have  said,  the  alternating  current  system  rested,  and  still 
rests,  upon  the  transformer,  which,  having  no  moving  parts,  yet 
enables  us  at  will  to  transform  from  low  potential  to  high  poten- 
tial and  the  reverse,  utilizing  extremely  high,  and  therefore 
economical,  potentials  for  transmitting  power  over  long  dis- 
tances while  employing  moderate  and  easily  handled  potentials, 
both  in  the  dynamos  which  produce  the  electricity,  and  in  the 
motors  and  lamps  which  utilize  it  in  markets  perhaps  many  miles 
distant. 

The  transformer  of  Gaulard,  which  was  adapted  to  constant 
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current  circuits,  was  brought  to  the  United  States  by  Westing- 
house,  and  was  there  primarily  developed  by  Stanley  and  Shallen- 
berger,  who  early  perceived  the  much  greater  usefulness  of 
closely  regulating  transformers  adapted  to  constant  potential 
circuits,  and  turned  their  efforts  in  that  direction. 

The  polyphase  motor,  as  invented  by  Tesla,  occupied  no  such 
place  in  practical  engineering  work  in  1893  as  it  does  to-day,  and 
the  same  is  true  of  the  rotary  converter.  Tesla  and  Scott  in 
America,  and  Dobrovolski  in  Berlin,  had  been  gradually  im- 
proving the  motor  until  at  the  time  named  it  was  really  a  prac- 
tical and  successful  machine  under  certain  conditions,  but  it  had 
not  been  widely  introduced  into  commercial  use,  and  the  en- 
thusiastic hopes  aroused  when  the  Tesla  invention  was  iii'st 
announced  in  1888,  had  not  been  realized  by  the  public,  nor 
were  its  possibilities  and  limitations  realized  even  by  electrical 
engineers,  except  those  who  were  actually  in  touch  with  the 
work  of  experimental  development. 

That  the  Cataract  Construction  Company  displayed  courage  as 
well  as  good  judgment  in  adopting  alternating  currents  in  1893, 
and  that  the  subject  of  alternating  current  motors  was  little 
understood  by  engineers  outside  of  certain  factories  at  that  time  is 
well  illustrated  by  the  fact  that  one  of  the  consulting  engineers,  of 
the  Cataract  Construction  Company  in  a  paper  on  ''  The  Electric 
Transmission  of  Power  from  Niagara,"  read  before  the  British 
Institution  of  Electrical  Engineers,  November  9,  1893,  attaches 
great  weight  to  the  alleged  possibility  of  converting  continuous 
current  i^iotors  into  synchronous  alternating  current  motors  by 
the  addition  of  rings.  On  page  503  of  the  Journal  of  that 
society  he  says: 

"In  concluding  my  remarks  upon  low  frequency  I  must  again 
repeat  that,  from  a  purely  practical  and  commercial  point  of 
view,  one  of  the  great  advantages  lies  in  the  fact  that  for  any 
special  purpose  for  which  a  motor  is  required  any  ordinary  direct 
current  motor  may  be  altered  so  as  to  act  as  a  synchronizing  al- 
ternating motor  at  a  very  small  expenditure  of  time  and  money." 

The  author  apparently  had  in  mind  the  use  of  an  extremely 
low  frequency,  but  the  fact  that  he  seriously  believed  in  the  possi- 
bility of  converting  into  commercially  effective  alternating  cur- 
rent motors  the  general  run  of  continuous  current  motors  is 
enough  to  indicate  the  vague  ideas  then  generally  prevalent  with 
regard  to  alternating  current  motors. 

As  regards  rotary  converters,  the  function  of  which  is  the 
conversion  of  alternating  currents  to  continuous  currents,  thus 
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rendering  available  for  electrolytic  work  and  for  operation 
of  continou8  current  motors  power  transmitted  in  the  form  of 
alternating  currents,  even  less  was  generally  known.  Schuckert 
exhibited  small  machines  of  this  character  at  the  Frankfort 
exposition  in  1890,  and  in  America,  Bradley  and  others  had 
been  engaged  with  more  or  less  success  in  developing  com- 
niutating  machines  of  various  types.  During  the  autumn  of 
1892,  the  Westinghouse  Company  invited  the  Cataract  Con- 
struction Company  to  examine  two  150  h.  p.  converters 
and  on  January  19,  1898,  Dr.  Coleman  Sellers  and  the  late 
Prof.  Henry  A.  Rowland  carefully  tested  these  machines  in 
Pittsburg.  The  machines  were  simply  four-pole,  continu- 
ous current,  500-volt,  generators  fitted  with  ring  collectors. 
Continuous  current  at  500  volts  was  delivered  to  the  first  ma- 
chine, which,  operating  as  a  converter,  delivered  alter- 
nating current  at  25  cycles  per  second  to  a  second  machine, 
which,  in  turn,  operating  as  a  converter,  delivered  a  continuous 
current  through  a  non  inductive  resistance.  The  energy  supplied 
to  the  first  machine  and  the  energy  delivered  by  the  second  ma- 
chine were  measured  and  compared,  the  difference  represent- 
ing the  sum  of  the  losses  in  the  two  machines.  The  approxi- 
mate etficiency  of  each  machine  was  calculated  by  dividing 
the  output  of  the  second  machine  by  input  of  first  machine 
and  extracting  the  square  root  of  the  quotient.  The  efficiency 
thus  obtained  for  various  outputs  of  the  second  machine  was  as 
follows : 


Approx.  Kfflciency  of 

Output  of  second  converter. 

each  converter. 

20.560  watts 

78.9^ 

57,270    " 

90.jr 

117,970    •* 

91.5^ 

These  results  will  compare  favorably  with  those  that  are  now 
obtained  in  machines  of  similar  output. 

In  the  autumn  of  1892,  as  Electrical  Engineer  of  the  Westing- 
house  Company  and  in  co-operation  with  Albert  Schmid,  O.  B. 
Shallenberger,  Charles  F.  Scott  and  B.  G.  Lamme,  I  planned  an 
organization  of  electrical  apparatus  to  be  exhibited  at  .the  World's 
Fair  in  Chicago  the  following  year  for  the  purpose  of  illustrat- 
ing the  possibilities  of  electric  power  transmission.  The  appar- 
atus was  constructed  and  wtu^  shown  in  operation  in  Chicago 
from   May   to  November,   1893.       Figure  1,   which  is  photo- 
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graphically  reproduced  from  a  descriptive  publication  which  I 
prepared  at  that  time,  shows  that  this  exhibit  comprised  every 
essential  feature  which  is  to-day   utilized  by  the  plant  of  the 


ssss 


Niagara  Falls  Power  Company  except  the  two-phase  three-phase 
connection  of  the  transformers.  In  the  diagram,  a  and  b  are 
Alternators  ;  d  the  power-house  switchboard  ;  bt,  b  t',  etc.,  rais- 
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ing  transformers;  l,  l',  etc.,  transmission  circuits;  lt,  l  t\  etc., 
8tep-down  transformers  ;  f  the  distributing  switchboard  in  a  sub- 
station ;  M  G  the  motor  generator  or  converter  receiving 
alternating  carrent  and  delivering  continuous  carrent  for  the 
operation  of  a  street  railway ;  m  g',  and  m  g'  converters 
delivering  continuous  current,  respectively,  to  electrolytic  plants 
and  to  direct  current  arc  lamps,  m  m',  etc.,  polyphase  alternating 
current  motors,  and  h  &',  etc.,  step-down  transformers  supplying 
incandescent  lamps.  In  the  plant  exhibited  at  Chicago,  one  375 
K.w.  two-phase  alternator,  one  375  k.w.  converter  deliver- 
ing eontinous  current  at  550  volts,  one  60  h.  p.  synchronous 
motor  and  a  number  of  smaller  machines,  including  induction 
motors  up  to  about  15  h.  p.,  were  shown. 

The  frequency  was  30  cycles  per  second,  the  transmission 
potential  10,000  volts.  A  60-h.  p.  direct  current  motor  using  cur- 
rent from  the  rotary  converter  was  used  to  drive  an  Ingersoll- 
Sargent  air  compressor.  The  60-h.  p.  synchronous  motor  was 
shown  in  operation.  Incandescent  lamps  were  supplied  through 
transformers  and  arc  lamps  by  continuous  current  obtained  from 
a  rotary  converter. 

I  deem  it  proper  to  make  this  record  in  this  place  not  only  as 
a  matter  of  justice  to  my  associates  and  myself  who  did  much 
work  from  1888  to  1893  in  evolving  the  system  adopted  at 
^Niagara,  but  also  to  establish  a  fact  which  is  of  interest  to  the 
Institute,  viz.:  that  while  the  Niagara  plant  embodies  the  ideas 
of  many  men,  British  and  Continental  as  well  as  American,  the 
evolution  and  development  of  each  of  the  important  parts  of  the 
system  as  used  at  Niagara  and  the  aggregation  of  these  parts 
into  a  working  plant,  accurately  adjusted,  easily  controlled  and 
delivering  power  to-day  for  a  multiplicity  of  purposes  in  Western 
New  York  was  American,  as  the  far-sighted  business  enterprise 
which  invested  very  large  capital  in  a  project  depending  for 
success  upon  many  factors  not  tested  by  experience  was  also 
American. 

In  the  descriptive  memoir  of  February,  1893,  from  which  I 
have  above  quoted,  the  application  of  the  system  proposed  to  a 
territory  already  occupied  by  competing  steam-driven  plants  was 
pointed  out  as  follows : 

'*  Your  two-phase  alternating  current,  delivered  at  high  poten- 
tial at  the  northern  boundary  of  the  city,  must  be  reduced  by 
transformers  to  a  potential  that  may  be  safely  carried  on  local 
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distributing  circuits.  Your  company,  or  the  company  to  which 
you  will  sell  current  delivered  in  Buffalo,  will  desire  to  make  a 
proposal  to  the  city  looking  to  the  substitution  of  motors  for  the 
pumping  engines  now  in  use  for  this  purpose.  The  system 
offers  the  two-phaae  synchronous  motors  of  large  capacity — 
probably  of  capacity  corresponding  with  that  of  the  engines  now 
installed.  These  machines  will  be  self -starting,  and,  using  ring 
collectors  in  place  of  commutators,  their  construction  is  such  as 
will  make  maintenance  a  minimum. 

"  You  will  also  desire  to  supply  power  for  the  operation  of  the 
street  railway  systems  of  the  city.  Our  system  makes  it  possible 
to  approach  the  street  railway  companies  with  alternative  proposi- 
tions ;  first,  to  furnish  motors  to  drive  generators  in  place  of  the 
engines  now  in  use  ;  second,  to  substitute  revolving  transformer 
for  both  engines  and  generators ;  that  is  to  say,  to  put  in  place  of 
one  engine  and  one  generator,  a  single  machine  operating  at  an 
efficiency  of  from  92  per  cent,  to  95  per  cent.,  depending  upon 
its  capacity.  The  entire  steam  and  electric  plant  now  installed 
can  be  held  in  reserve  or  sold. 

'^  As  regards  the  arc  lighting  of  the  city,  you  can  also  make 
alternative  propositions ;  first,  to  substitute  synchronous  motors 
for  engines  now  in  use;  second, to  install  rotary  transformers, 
making  a  total  change  in  the  arc  lighting  system.  In  all  proba- 
bility the  first  of  these  will  be  the  practicable  method  at  the  present 
time ;  but  the  direct  and  economical  method  of  using  the  energy 
of  your  water  power  to  supply  arc  lights  in  Buffalo  will  ulti- 
mately involve  a  total  change  of  system,  and  the  abandonment  of 
the  arc  lighting  apparatus  now  used. 

For  incandescent  lighting,  the  system  also  offers  alternative 
methods ;  first,  the  substitution  of  synchronous  motors  for  en- 
gines ;  second,  a  change  of  system,  and  the  use  of  large  trans- 
formers reducing  potential  from  local  primary  distributing  cir- 
cuits  to  50  or  100  volts  in  eecondary  circuits.  While  it  may  be 
necessary  for  a  time,  owing  to  the  fact  that  several  different  in- 
terests are  concerned,  to  use  the  electric  energy  transmitted  from 
the  Falls  to  supply  motors  driving  existing  electric  generating 
apparatus,  the  system  which  we  have  laid  out  looks  to  me  future, 
and  will  lend  itself  at  any  time  when  commercial  considerations 
may  permit,  to  a  broad  gauge  solution  of  the  problem  of  utilizing 
the  energy  of  Niagara  Falls  to  supply  power  and  light  to  the 
city  of  Buffalo  in  the  most  direct,  efficient  and  satisfactory  man- 
ner." 

The  high  potential  current  now  actually  delivered  to  trans- 
formers in  the  terminal  house  near  the  northern  boundary  of 
Buffalo  is  three-phase  and  not  two  phase  as  anticipated  in  the 
memoir  referred  to.  The  change,  which  of  course  implied  a 
very  marked  reduction  in  cost  of  transmiiting  and  distributing 
circuits,  was   made  possible  a  few  months  later  by  the  inven 
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tion  of  the  two-phase  three-phase  connection  of  step-up  trans- 
formers, without  departing  from  the  use  of  two-phase  alter- 
nators. 

A  considerable  number  of  synchronous  motors  are  to-day 
in  use  in  Buffalo,  but  they  are  three-phase  and  not  two-phase 
motors.  The  street  railway  systems  of  the  city  are  operated 
by  power  supplied  through  converting  machinery  as  described 
in  the  memoir. 

The  arc  lighting  of  the  city  is  accomplished  at  present  by  the 
first  of  the  two  alternative  methods  outlined  in  the  memoir,  viz.: 
the  use  of  synchronous  motors  in  place  of  engines. 

Incandescent;^lighting  in  Buffalo  is  supplied  with  power  in  large 
part  by  synchronous  motors  driving  constant  potential,  60-cycle, 
two-phase  alternators,  and,  to  a  less  extent,  by  direct  current  ob- 
tained from  rotary  converters. 

IV.  The  First  Three  Alternators  as  Planned  and 
Constructed. 

The  general  mechanical  features  of  the  alternators,  i.  e,^  the  ex- 
ternal revolving  field  with  inwardly  projecting  field  poles  sur- 
rounding a  centrally  located  and  stationary  armature,  were 
proposed  by  Prof.  Forbes.  For  a  5,000  h.  p.  alternator  having  a 
vertical  shaft  and  operating  at  the  very  high  speed  of  250  r.  p.  m., 
no  better  form  from  a  mechanical  standpoint  has  ever  been  pro- 
duced. The  type,  however,  is  not  well  adapted  to  a  high 
potential  winding  nor  to  the  attainment  of  very  close  regulation 
under  conditions  of  highspeed  and  low  frequency.  Considera- 
tions of  mechanical  safety  limit  the  normal  speed  of  the  periphery 
of  the  revolving  field  to  something  less  than  two  miles  a  minute, 
and  when  the  necessary  thickness  of  ring  and  length  of  field  pole  are 
subtracted  from  the  radius  thus  fixed,  the  limiting  diameter  of 
the  armature  comes  out  at  something  like  nine  feet.  A  frequency 
of  25  cycles  per  second  implies  12  poles,  and  the  armature  reaction 
is  necessarily  so  powerful  as  to  render  impossible  the  attainment 
of  6%  or  8^  regulation  as  is  now  common  in  slow  speed  alterna- 
tors of  output  comparable  to  that  of  the  Niagara  machines.  The 
small  diameter  of  the  armature  also  limits  the  space  available  for 
insulation  and  so  limits  the  potential  for  which  the  machine  can 
he  wisely  wound.  .  As  the  art  stands  today,  a  distributed  or  bar 
winding  for  5,000  volts  or  an  open  slot  coil  winding  for  10,000 
volts  could  perhaps  be  adopted  in  a  machine  of  this  type  and  size, 
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without  unduly  rednciug  the  factor  of  safety  in  commercial  oper- 
ation, but  these  figures  cannot  be  attained  without  reducing  the 
factor  of  safety  below  the  point  attained  in  the  2200.volt  ma- 
chines now  in  ose. 


PlQ.  2. 

When  it  was  decided  to  wind  the  JNiagara  alternators  for  a  po- 
tential of  2,000  to  2,400  volts,  it  was  expected  that  a  very  large 
part  of  their  output  would  be  utilized  by  alternating  current  motors 
located  within  two  miles  of  the  power  house.  This  potential, 
therefore,  was  chosen  with  reference  not  only  to  a  high  factor  of 
safety  in  the  insulation  of  the  alternator  armatures  but  also  with 
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reference  to  the  insulation  of  cables  and  motors  of  26  h.  p.  and 
upward,  which  the  company  expected  to  supply  without  the  in- 
terposition of  step-down  transformers.  For  the  conditions  of  the 
commercial  demand  then  expected,  I  believe  no  better  potential 
could  have  been  chosen. 


Figures  2  and  3  showing  vertical  and  horizontal  sections  of 
the  alternator,  illustrate  the  construction  of  the  first  three  ma- 
chines. 

Referring  to  the  vertical  section  through  center  line  of  shaft 
shown  in  Fig.  2,  a  is  the  stationary  armature,  secured  in  place  by 
the  armature  support  a  s,  which  in  turn  rests  upon  the  bed  plates. 
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One  of  the  four  termiDals  at  which  the  current  from  the  arma- 
ture is  delivered  to  the  cables  leading  to  the.  Bwitehboard  is  shown 
at  T.  Of  course  since  the  armature  is  stationary,  no  ring  oolleo* 
tors  or  brushes  for  the  alternating  current  are  needed.  The  revol- 
ving element  consists  of  the  shaft,  s,  carrying  the  driver,  d,  the 
field  ring,  f  b,  the  steel  pole  pieces,  p,  and  the  collector,  c,  by 
means  of  which  the  current  delivered  from  the  exciters  to  the  brush- 
holders  and  brushes,  h  b\  is  conveyed  to  the  field  bobbins,  fb.  The 
bridge  which  spans  the  machine  and  gives  access  to  the  direct 
current  collector  rings  and  brushes  is  supported  by  hollow  iron 
columns  through  which  the  conductors  conveying  the  exciting 
current  are  carried.  In  the  horizontal  section  through  armature 
and  field,  a  is  the  armature,  f  b  the  field  ring  p,  p',  etc.,  the  pole 
pieces,  and  b,  b',  etc.,  the  field  bobbins. 

The  clearance  between  the  armature  and  the  field  poles  is  one 
'  inch.  It  is  interesting  to  note  that  in  these  alternators  the  mag- 
netic attraction  between  armature  and  field  acts  against  the  '^  cen- 
trifugal force"  and  not  witli  it.  Of  course  when  the  field  is  not 
charged  there  le  no  attraction  between  armature  and  field ;  even 
with  full  charge  the  magnetic  attraction  is  not  very  powerful  as 
compared  with  the  force  which  tends  to  burst  the  ring.  The 
point,  therefore,  is  not  of  any  great  practical  value. 

It  was  specified  by  the  Cataract  Construction  Company  that 
the  weight  of  the  revolving  part  should  not  exceed  80,000  lbs., 
this  limitation  resulting  from  the  general  arrangement  whereby 
practically  the  entire  weight  of  turbine  shaft  and  revolving  ele- 
ment of  alternator  is  supported  by  the  upward  pressure  of  water 
in  the  wheel  case.  As  showing  the  care  with  which  these  alter- 
nators were  designed,  it  is  interesting  to  note  that  the  calculated 
weight  of  the  revolving  element  of  the  first  alternator  was  78,958 
lbs.,  while  the  actual  weight,  as  determined  by  careful  weighing 
of  the  several  parts  before  shipment,  was  78,600  lbs. 

Another  specification  based  upon  requirements  of  ihe  designers 
of  the  hydraulic  machinery  and  having  reference  to  speed  regula- 
tion provided  that  "  the  revolving  part  is  to  have  a  fly-wheel 
effect  which  when  measured  by  the  pounds  times  the  feet  per 
second  squared  shall  be  over  1,100,000,000."  The  calculated  fly- 
wheel effect  obtained  for  each  of  the  first  three  alternators  is 
1,274,000,000. 

The  Field  Ring,  A  serioas  limitation  in  designing  the  alternr 
ators  was  imposed  by  the  high  speed  adopted,  which  had  been 
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chosen  apparently  with  reference  to  the  design  of  the  turbines  and 
without  full  consideration  of  the  design  of  the  alternators.  The  nor- 
mal speed  specified  was  250  r.  p.  m.,  but  the  possible  rnn-away  speed 
at  which  the  alternators  must  be  capable  of  revolving  without  dan- 
ger of  bursting  the  ring  was  fixed  at  400  revolutions  per  minute. 
The  calculated  maximum  strain  in  the  ring  at  250  k.  p.  m.  is  6,052 
pounds  per  square  inch  of  section,  the  elastic  limit  and  ultimate 
tensile  strength  oi  the  material  used  being,  respectively,  about 
60,000  and  82,000  pounds  per  square  inch.  At  a  speed  of  400 
R.  p.  M.  the  strains  would  approximate  12,500  pounds  per  square 
inch — i.tf.,  the  factor  of  safety  would  still  be  4.  Any  increase 
in  diameter  would  of  course  increase  peripheral  speed,  and  as  it 
was  deemed  unwise  to  work  under  any  conditions  with  a  factor  of 
safety  less  than  4,  the  outside  diameter  of  the  alternator  was 
fixed  at  11  feet  7^^  inches.  The  peripheral  speed  at  250  r.  p.  m. 
is  therefore  about  9,300  feet  per  minute. 

When  the  first  drawings  of  the  Niagara  alternators  were  under 
way  it  was  not  known,  at  least  to  the  writer  and  his  associates  of 
the  engineering  staff  of  the  Westinghouse  Company,  that  the 
magnetic  permeability  of  nickel  steel  was  suflSciently  high  to  jus- 
tify its  use  in  the  construction  of  the  field  rings.  The  specification 
of  the  engineers  of  the  Cataract  Construction  Company,  dated 
August  23,  1893,  and  covering  an  alternator  similar  in  general 
mechanical  form  to  that  finally  adopted  referring  to  the  field  ring, 
called  for  physical  characteristics  as  follows: 

"  It  must  also  have  a  tenrile  strength  of  not  over  56,000  or 
under  50,000  lbs.  per  square  inch,  with  an  elongation  of  at  least 
30^  between  lines  on  specimen,  the  distance  between  lines  being 
not  less  than  twelve  times  the  thickness  of  the  specimen.^' 

At  the  time  when  the  first  tenders  were  submitted  to  the 
Cataract  Construction  Company  the  magnetic  qualities  of  various 
nickel  steel  alloys  obtained  from  the  Bethlehem  Iron  Company 
were  undergoing  investigation  at  Pittsburg,  and  before  the  con- 
tract was  placed  by  the  Cataract  Construction  Company  it  had 
been  ascertained  that  nickel  steel  containing  about  3^^  nickel 
possessed  extremely  high  pern»eability  in  conjunction  with  great 
strength  and  ductility.  The  Westinghouse  Company,  therefore, 
recommended  the  substitution  of  the  use  of  nickel  steel  field 
rings, and  although  the  change  involved  an  increase  of  more  than 
20^  in  the  cost  of  the  alternators,  it  is  interesting  to  observe, 
as  indicating  the  thorough-going  manner  in  which  the  Cataract 
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Constraction  Company  carried  oat  its  work,  that  the  better  mate- 
rial was  adopted  without  a  moment's  hesitation,  notwithstanding 
its  high  cost. 

The  rings  of  the  first  ten  alternators  were  forged  at  the  works 
of  the  Bethlehem  Iron  Company,  South  Bethlehem,  Pa.  Briefly, 
the  process  is  as  follows : 

A  nickel  steel  ingot,  54''  in  diameter  at  the  bottom,  197''  long 
and  weighing  about  120,000  lbs.,  is  cast  solid  and  compressed  by 
hydraulic  pressure  when  fluid  and  during  soliditication.  A  block 
of  the  required  weight  is  then  cut  from  the  ingot  and  a  hole  about 
15"  in  diameter  is  bored  through  its  longitudinal  axis.  The  cylin- 
der thus  formed  is  brought  to  a  forging  heat  and  expanded  on  a 
mandril  under  a  14,000-ton  hydraulic  press.  After  forging,  the 
ring  is  carefully  treated,  to  obtain  the  physical  qualities  desired, 
and  is  then  bored  and  turned.  Samples  taken  from  the  edges  of 
the  ring  before  it  was  turned  to  its  final  proportions  were  tested 
for  ultimate  tensile  strength,  elastic  limit  and  elongation,  with  the 
following  results: 


Sample  numbrr. 

Tensile  utrengfih  meas- 
ured in  lbs.  per  sq.  inch. 

Elmttic  limit  meaftured 
in  lbs.  per.  sq.  inch. 

Elonjzaiiou  in  a*  meas- 

ared  in  percenUge  of 

original  length. 

9 

3 

8i,uo 
89,140 

53,560 

47»a3o 
49,a8o 

27.05 
'5-75 

M.5 

Samples  similarly  obtained  were  used  to  determine  perme- 
ability. These  samples  were  shaped  into  the  form  of  cylindrical 
bars  $"  in  diameter  and  7^"  long,  the  Thompson  form  of  per- 
meameter  being  used. 

Three  samples  were  taken  from  the  edge  of  each  ring,  as  shown 
in  Fig.  3  a.  It  will  be  noted  that  the  axis  of  two  of  these  sam- 
ples is  parallel  to  a  tangent  to  the  ring  while  the  axis  of  the 
third  is  at  right  angles  to  that  of  the  others. 

A  very  interesting  measurement  of  the  permeability  of 
the  field  ring,  was  made  by  magnetizing  an  entire  ring  by 
passing  a  known  current  through  a  coil  wound  about  the 
ring,  varying  this  known  current  in  measured  time  and  de- 
termining the  resulting  magnetization  by  measurement  of  the 
E.  M.  F.  induced  in  a  second  coil,  also  wound  about  the  ring. 
The  E.  M.  F.  induced  in  the  second  coil  depends  upon  the  number 
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of  turns  and  the  change  in  the  induction  through  the  coil  in  a 
given  time.  Tlius  if  1,000  lines  of  induction  are  taken  from  the 
coil  in  one-tenth  of  a  second  a  certain  electromotive  foixje  will  be 
produced.  If  there  is  a  continuous  change  of  say  1,000  lines  each 
one-tenth  of  a  second  for  a  certain  length  of  time  there  will  be 
a  uniform  electromotive  force  induced  during  tliis  time.  If  a 
given  change  in  induction  be  made  in  half  the  time,  the  electro- 
motive force  produced  is  twice  as  great  during  the  shorter  period. 
The  ordinary  procedure  in  laboratory  measurements  of  perme- 
ability by  this  method  is  to  wind  a  ring  a  few  inches  in  diameter 


Fig.  3  a. 

with  two  coils,  to  produce  very  sudden  changes  in  a  magnet- 
izing current  through  the  first  coil  and  to  determine  the  resulting 
electromotive  force  in  the  second  coil  by  means  of  a  delicate 
ballistic  galvanometer  which  is  adapted  for  measuring  the  Budden 
impulse  in  the  secondary  circuit. 

The  length  of  time  required  for  making  definite  changes  in  the 
magnetization  of  a  ring  11  ft.  in  diameter  and  weighing  27,000  lbs. 
is  so  great  that  the  ballistic  method  of  measuring  is  impracticable. 
The  method  adopted  after  several  were  considered  was  to  change 
the  magnetizing  current  slowly  and  at  such  a  rate  as  to  produce  a 
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fairly  uniform  rate  of  change  in  the  magnetization  of  the  ring. 
This  produces  a  uniform  electromotive  force  in  the  secondary 
circuit  which  can  be  measured  by  an  ordinary  voltmeter.  The 
mefiirsurement  of  the  electromotive  force  determines  the  number 
of  lines  of  induction  added  to  or  subtracted  from  the  ring  per 
secondhand  this  multiplied  by  the  time  in  seconds  determines  the 
total  change  in  induction  during  a  test.  The  ring  was  magnetized 
strongly  in  one  direction,  and  the  current  was  then  reduced,  re- 
versed and  increased  in  strength  until  the  ring  was  again  mag- 
netized to  the  original  strength,  but  in  the  opposite  direction. 
The  total  change  in  induction  during  the  test  was  therefore  twice 
the  induction  in  the  ring  in  its  initial  or  its  final  condition.  The 
instruments  used  in  the  measurement  were  an  ammeter  for 
measuring  the  current  in  the  primary  circuit,  a  voltmeter  and  a 
stop-watch. 

The  magnetizing  coil  was  wound  uniformly  around  the  entire 
ring  and  consisted  of  443  turns  about  one  inch  apart.  The  re- 
sistance of  the  circuit  was  about  two  ohms.  The  current  was 
supplied  by  a  direct  current  generator,  and  suitable  arrangements 
were  provided  for  varying  the  strength  of  the  current  and  re- 
versing its  direction.  A  secondary  coil  of  30  turns  was  wound 
between  the  turns  of  the  magnetizing  coil  at  one  part  of  the  ring. 
This  coil  was  connected  directly  to  a  Weston  milli- volt  meter  read- 
ing from  .0001  to  .1  volt. 

A  current  of  100  amperes  through  the  primary  circuit  was 
taken  as  a  starting  point  for  the  measurements.  The  current  was 
reduced  at  such  a  rate  as  to  give  a  secondary  electromotive  force 
of  about  .04  volts.  The  current  was  at  this  rate  reduced  to  zero, 
which  required  about  two  minutes,  and  was  then  increased  to  100 
amperes  in  a  reverse  direction.  The  change  of  induction  per 
second  required  for  giving  .04  volt  multiplied  by  the  number  of 
seconds  between  the  positive  and  the  negative  magnetization 
gives  the  total  change  in  induction  during  the  test,  which  is  twice 
the  induction  corresponding  to  100  amperes.  Inductions  corre- 
sponding to  diflEerent  magnetizations  could  be  determined  by 
similar  measurements  with  other  current  strengths.  In  the  tests, 
however,  readings  were  made  upon  the  ammeter  and  voltmeter 
simultaneously  at  intervals  of  about  ten  seconds,  and  intermediate 
points  between  the  two  extremes  were  determined  for  plotting 
in  a  curve.  It  was  very  diflBcult  to  keep  the  secondary  electro- 
motive force  exactly  constant,  but  the  result  of  a  number  of  tests 
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showed  that  no  great  error  wafi  introduced  on  this  account,  and 
that  the  average  results  were  practically  correct. 

The  permeability  to  be  determined  is  the  relation  between  the 
induction  in  the  ring,  measured  by  means  of  the  voltmeter  and 
the  stop-watch,  and  the  magnetizing  force  required  to  produce 
it,  which  is  determined  by  the  measurement  on  the  ammeter 
multiplied  by  the  number  of  turns.  The  electromotive  force  in 
the  secondary  coil  when  the  induction  through  the  coil  is  varying 
at  a  uniform  rate  is  proportional  to  the  number  of  turns,  and  the 
change  in  the  number  of  lines  of  induction  per  second.  The 
total  change  in  induction  during  such  a  test  is  therefore  found 
by  determining  the  change  per  second  by  the  voltmeter,  and 
multiplying  this  by  the  time.  The  results  of  the  measurement, 
plotted  in  the  form  oi  ^  B  H  curve,  are  shown  in  curve  e,  Fig.  4. 

The  measurements  by  the  permeameter  are  also  given  in  Fig.  4, 
in  which  curves  a  and  b  are,  respectively,  B  R  curves  for  wrought 
iron  and  oast  iron,  as  determined  by  Hopkinson,  using  the  ballis- 
tic method  ;  cistheJ?^  curve  of  nickel,  as  determined  byEwing; 
D  the  mean  B  II  curve  of  the  samples  of  nickel  steel  cut  from  the 
edge  of  the  ring  of  the  second  Niagara  alternator  as  determined 
by  permeameter  method  and  e  the  B  H  curve  of  the  entire  ring, 
as  determined  by  the  method  above  described. 

It  is  to  be  noted  that  the  curves  by  the  two  methods  agree 
closely  at  low  inductions,  but  differ  at  higher  inductions,  the  ring 
method  showing  the  higher  induction.  The  sources  of  error  at 
high  induction  in  the  permeameter  due  to  error  in  estimating 
the  length  of  the  magnetic  circuit,  and  in  the  leakage  of  magnetic 
lines  from  the  sample  near  the  point  of  contact  with  the  yoke, 
tend  to  account  for  this  discrepancy.  The  fair  agreement  between 
the  two  methods  of  measurement  is  of  especial  interest,  as  the 
measurements  in  one  method  are  of  force  and  current  made  by 
a  spring  balance  and  an  ammeter,  and  in  the  other  method 
measurement  of  electromotive  force,  time  and  current  made  by  a 
voltmeter,  a  watch  and  an  ammeter. 

Field  Poles  and  Winding. — The  field  poles  are  mild  open- 
hearth  steel  castings.  Their  permeability  is  practically  equal  to 
that  of  the  field  rings.  The  field  winding  of  the  first  three  alter- 
nators as  originally  planned  consisted  of  copper  conductors  of 
rectangular  section  about  equivalent  to  one  No.  0  wire  b.  and  s. 
gauge.  These  conductors  were  covered  with  the  usual  cotton  insul- 
ation and  the  coils  were  inclosed  in  ribbed  brass  boxes,  from  which 
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they  were  insulated  by  sheets  of  mica  with  heavy  strips  along 
the  edges  where  the  coil  would  otherwise  press  most  heavily 
against  the  box.  The  weight  of  each  pole  piece  with  its  bobbin 
is  2800  lbs. 

The  bronze  collector  rings  are  built  upon  a  separate  cylindrical 
casting  placed  above  the  driver  and  securely  fixed  to  the  hub 
of  the  latter  by  heavy  screws  through  a  flange  at  its  base.  The 
brush-holder  rods  are  held  in  place  by  a  heavy  iron  bracket  en- 
circling the  casting  below  the  collector  rings.  This  bracket  rests 
upon  the  bridge  which  spans  the  machine  and  gives  access  to  the 
collectors,  brush -holders  and  brushes. 


Pig.  6. 


Driver. — The  field  ring  is  carried  by  an  umbrella-shaped  steel 
casting,  to  the  periphery  of  which  the  ring  is  secured  by  bolts  as 
shown  in  the  vertical  section  Fig.  2.  The  driver  is  turned  on 
its  outside  surface  and  is  strengthened  by  six  deep  ribs  on  the  in- 
side. The  steel  used  is  of  excellent  quality,  samples  taken  from 
a  casting  near  the  periphery  of  the  first  driver,  which  samples  are 
fairly  representative  of  all  the  drivers,  showing  by  test  a  tensile 
strength  of  74,000  lbs.  per  square  inch,  an  elastic  limit  exceeding 
44,000  lbs.  per  square  inch,  an  elongation  of  Z0%  in  three  inches, 
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and  a  reduction  of  area  of  43j?.     The  surfaces  of  the  fracture 
where  specimens  were  broken  were  silky  and  finegrained. 

Shaft — The  shaft  is  tapered  at  its  upper  end  to  receive  the 
driver  and  at  its  lower  end  a  forged  flange  27"  in  diameter  provides 
means  for  connection  to  a  similar  flange  at  the  top  of  the  tur- 
bine shaft.  These  flanges  are  held  together  by  eight  tapered 
steel  bolts.  The  diameter  of  the  shaft  in  the  bearings  is  12  ff^ 
inches.  It  is  tapered  at  the  upper  end  to  receive  the  driver  and 
is  also  threaded  to  provide  means  for  securing  in  place  an  iron 
casting  which  projects  above  the  driver  and  carries  the  collector 
rings.  A  key-way  is  cut  in  the  tapered  end  of  the  shaft  and 
also  in  the  bearing  of  the  driver  which  is  fitted  to  it,  the  driver 
and  shaft  being  held  together  by  a  long,  massive  steel  key.  To 
obtain  information  with  regard  to  the  physical  properties  of  the 
steel  used  for  the  shaft  of  the  first  three  alternators,  they  were 
forged  of  extra  length.  An  end  several  inches  in  length  was 
then  cut  off  and  from  these  five  samples  were  taken,  two  being 
cut  from  the  periphery  of  the  shaft  at  opposite  ends  of  the  diam- 
eter, one  from  the  center  of  the  shaft  and  two  from  points  mid- 
way between  the  periphery  and  the  center,  as  illustrated  in  Fig.  5, 
where  the  numbers  1,  2,  3,  4  and  6  indicate  the  places  in  the 
section  of  the  shaft  from  which  the  test  samples  were  taken* 
These  samples  were  tested  for  tensile  strength,  elastic  limit,  re- 
duction of  area  and  elongation,  and  the  results,  as  set  forth  in  the 
following  table,  show  in  an  interesting  manner  the  fact  that 
solid  forged  shafts  are  stronger  near  their  outer  surface  than 
elsewhere. 


Sample 
number. 

Tensile  strength 
in  lbs.  per  sq.  inch. 

Elastic  limit  in  lbs. 
per  sq.  inch. 

Reduction  of  area 

in  percentage  area 

beforr  lest. 

Elongation  in  per- 
centage of  length 
before  test. 

63,000 

35,500 

53 

37-5 

59»ooe 

29,500 

5» 

38 

56,000 

28,500 

37.5 

3« 

58,500 

3»,5oo 

4».5 

38 

62,500 

3S,ooo 

555 

35 

Bearings. — Babbitt  lined  bearings  are  used  and  provision  is 
made  for  cooling  the  bearings  by  circulation  of  water  through  open- 
ings in  the  cast  iron  bearing  boxes.  It  is  interesting  to  note  that  the 
babbit  lined  bearings  of  the  alternators  have  been  satisfactory 
from  the  start  while  the  bronze  guide  bearings  originally  provi- 
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ded  for  the  shafts  connecting  the  first  three  turbines  with  the 
corresponding  alternators  gave  much  trouble  and  have  all  been 
replaced  by  babbitt  lined  bearings. 

Method  of  Balancing  the  RevolvinglField. — The  method  em- 
ployed in  balancing  the  revolving  element  of  the  alternators  was 
devised  by  Mr.  Albert  Schmid  and  is  illustrated  by  Fig.  6. 


BALANCING 

FOR  DRIVER 


WAOUOHT  IRON  l»LATE 
FOR  COUNTER  BALANCING 


:.:i: 


ARRANGEMENT 

5000  H.P.  ALTERNATOR 


CENTER  OF  QRAVIt/ 


Fig.  6. 


A  special  shaft  is  placed  in  the  bearings  of  the  machine,  and 
supported  at  its  lower  end  by  a  thrust  bearing  into  which  oil  is 
pumped  at  a  pressure  of  about  1,000  lbs.  per  sq.  in.  Tliis 
pressure  is  suflSeieDt  to  lift  the  weight  of  the  revolving  parts,  and 
the  collars  on  the  shaft  are  separated  from  the  grooves  of  the  thrust 
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bearing  by  a  thin  layer  or  film  of  oil.  A  small  piece  of  tool  steel  is 
set  into  the  upper  end  of  the  shaft,  a  half  sphere  or  cup  being  cut 
in  the  upper  surface  of  this  tool  steel,  in  which  is  placed  a 
tempered  steel  ball  f"  in  diameter.  A  large  eye-bolt  with  a 
similar  piece  of  tool  steel,  having  in  its  lower  surface  a  cup  bear- 
ing similar  to  that  at  the  top  of  the  shaft,  is  secured  in  the  taper 
bearing  of  the  umbrella-shaped  driver,  to  the  periphery  of  which 
the  field  ring  is  bolted.  The  entire  weight  of  the  driver  and  the 
ring  is  thus  supported  upon  the  small  steel  ball.  A  casting 
secured  to  the  shaft  serves  to  rotate  the  driver  and  ring  with  the 
shaft.  The  steel  ball,  as  will  be  noted  in  the  illustration,  is 
placed  a  very  short  distance  above  the  centre  of  gravity  of 
the  field  and  driver,  and  under  these  conditions,  the  dri- 
ver and  ring  being  free  to  rock  while  rotated,  a  defect  in  bal- 
ance is  quickly  shown.  As  a  matter  of  fact,  in  the  case  of  the 
first  alternator  the  driver  at  first  assumed  the  approximate  position 
indicated  by  the  dotted  lines.  This  was  corrected  by  rivetting  to  the 
driver  a  wrought  iron  plate,  the  weight  of  this  plate  and  the  distance 
from  the  axis  of  rotation  being  experimentally  determined  to  ob- 
tain not  only  exact  static  balance  but  also  exact  running  balance. 

The  driver  is  first  balanced  in  this  manner  independently.  The 
ring  is  then  bolted  to  the  driver,  and  the  two  balanced  together 
as  shown  in  the  illustration.  It  is  not  necessary  to  balance  the  com- 
bination of  the  driver,  ring  and  field  poles  since  the  field  poles 
and  bobbins  are  separately  weighed,  and  their  weights  adjusted 
to  exact  equality,  while  the  positions  in  which  they  are  bolted  to 
the  ring  are  symmetrical  with  reference  to  each  other  and  to 
the  axis  of  rotation. 

Armature, — The  sheet  steel  used  for  the  core  is  .016  inch 
thick.  Difficulty  was  experienced  iir  securing  the  desired  quality 
and  it  was  found  impracticable  to  obtain  absolute  uniformity  in 
the  large  quantity  required.  To  secure  circulation  of  air,  the 
armature  core  is  divided  horizontally  into  six  equal  parts,  sepa- 
rated from  one  another  by  one  inch  spaces,  these  spaces  l)eing 
maintained  by  brass  spacing  strips,  whose  position  is  approxi- 
mately radial  to  the  machine.  Each  layer  of  the  core  consists  of 
eleven  segments  which  are  so  placed  that  all  joints  in  each  layer 
are  overlapped  by  the  segments  of  the  adjacent  layers.  The 
plates  are  annealed,  but  in  the  fir^t  three  alternators  are  not 
japanned. 

The  laminated  ring  thus  built  up  to  form  the  armature  core  is 
held  together  by  66  bolts  of  nickel  steel  containing  a  high  per- 
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centafje  of  nickel  which  renders  them  practically  non-magnetic. 
These  bolts  are  carefully  insulated  from  the  core.  The  large 
disks  or  end-plates  at  the  top  and  bottom  uf  the  armature  ring 
are  of  brass.  At  the  time  of  tightening  the  bolts,  the  steel 
plates  were  pressed  closely  together  by  powerful  hand  presses. 
The  entire  ring  constituting  the  armature  core  when  finally  built 
up  was  turned  on  the  inner  surface  so  as  to  accurately  fit  the  ribs 
of  the  armature  support.  It  was  then  heated  and  lowered  into 
place  against  the  flange  on  the  support  and  in  cooling,  of  course, 
adjusted  itself  tightly  mto  place  against  the  J'ibs.  The  armature 
conductors  are  copper  bars  lJJ"x.j^''  in  section,  the  edges  of 
the  bars  being  rounded  to  a  radius  of  about  \'\  Two  of  these 
bars  are  placed  in  each  of  the  187  slots  around  the  periphery  of 
the  armature  core.     The  conductivity  of  the  bars  is  above  100^ 


Fig.  7. 

by  Matthiesen's  standard,  the  actual  conductivity  in  the  case  of 
the  second  alternator  being  102.6^  by  that  standard.  The  bars 
are  encased  in  mica  applied  before  they  are  put  in  place.  The 
insulation  is  about  \'^  thick.  The  insulation  of  each  bar  was 
tested  by  connecting  one  terminal  of  an  alternating  potential  to 
the  conductor,  while  the  other  was  connected  to  a  layer  of  tin- 
foil wrapped  about  the  tested  insulation.  The  insulation  of  every 
bar  was  required  to  withstand  15,000  volts,  alternating,  applied 
for  a  few  seconds.  The  completed  armatures  were  tested  by 
the  application  of  8,000  volts,  alternating,  for  a  period  of  about  one 
minute.  The  armature  bars  project  above  and  below  the  core 
and  connections  are   made  by  pieces  of  copper  punched  from 
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large  sheets  and  shaped  into  proper  form  by  presses  and  iron 
molds.  These  connections  are  insulated  by  mica  and  rubber  in- 
sulating; tape,  the  former  being  used  only  when  connectors  con- 
veying considerable  difference  of  potential  are  adjacent  to  each 
other.  The  connectors  are  secured  to  the  armature  bars  by  three 
wrought  iron  bolts  the  heads  of  which  are  countersunk  in  one 
side  of  the  split  connector,  while  the  nuts  are  locked  by  upset- 
ting the  projecting  ends  of  the  bolts.  Finally,  the  joints  are 
thorouglily  soldered.  Fig.  7  shows  the  junction  of  six  armature 
bars  and  connectors  before  they  are  soldered  and  insulated.  The 
conductors  are  so  connected  as  to  form  two  complete  circuits^ 
each  thoroughly  insulated  from  the  other  and  from  the  steel  core. 
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THB  POTENTIAL  CURVS  FOR  02fB  OP  TBB  OBMKRATO&S. 

Fig.  8. 

Potential  Curve  Duri?ig  a  Half  Cycle. — The  potential  curve 
of  one  of  the  first  three  alternators  during  a  half  cycle,  and  for 
purposes  of  comparison  a  sine  curve,  are  shown  in  Fig.  8.  The 
following  interesting  method  was  adopted  in  determining  the 
form  of  this  curve  ; 

The  machine  was  run  at  a  very  low  speed  so  that  the  needle 
of  an  ordinary  voltmeter  connected  across  the  terminals  would 
follow  the  variations  of  electro-motive  force,  increasing  to  a 
maximum,  decreasing  to  zero,  reversing  and  increasing  to  a  maxi- 
mum in  the  reverse  direction.  Readings  upon  the  voltmeter 
were  made  at  regular  intervals  and  the  results  plotted,  thus  giv- 
ing the  curve  of  the  machine. 
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This  method  of  measarement  requires  a  uniform  and  very  slow 
speed.  Variations  of  one  or  two  per  cent  in  the  speed  will  cause 
corresponding  variations  in  the  electro-motive  force.  In  the 
test  the  slow  speed  was  obtained  by  winding  around  the  field 
ring  a  wire  rope,  which  was  attached  to  the  shaft  of  a  vertical 
lathe.  The  lathe  was  run  at  a  slow  and  uniform  speed,  winding 
up  the  rope,  which  was  drawn  from  the  ring,  thus  revolving  the 
machine.  Difficulty  was  experienced  at  first  in  obtaining  a  uni- 
form speed  when  heavy  iron  wire  was  used  instead  of  the  cable 
finally  adopted.  The  speed  was  irregular,  due  to  stretching  of 
the  wire,  as  the  friction  to  be  overcome  was  not  uniform  at  the 
slow  speed.  The  adoption  of  a  steel  cable  very  nearly  eliminated 
the  irregular  motion.  The  machine  was  belted  to  a  direct  cur- 
rent motor  supplied  with  current  nearly  sufficient  to  cause  rota- 
tion, and  the  additional  force  was  supplied  by  the  cable  which 
was  able  in  this  way  to  maintain  a  uniform  speed. 

The  speed  of  the  ring  was  about  one  revolution  in  ten  minutes^ 
giving  one  alternation  in  about  50  seconds.  The  speed  of  the 
machine  is  thus  reduced  from  normal,  250  revolutions,  to  one- 
tenth  revolution  per  minute,  or  in  the  ratio  of  2500  to  l,and  the 
electromotive  force  of  the  normal  field  charge  is  consequently 
reduced  from  2000  volts  to  .8  of  a  volt  efiective,  or  a  little  over 
one  volt  maximum.  This  electromotive  force  could  be  reduced 
as  desired  by  resistance  in  circuit  with  the  voltmeter.  In  making 
the  measurements,  a  voltmeter  was  placed  across  each  of  the  cir- 
cuits and  readings  were  taken  at  intervals  of  2^  seconds,  as  in- 
dicated by  a  signal.  Observations  were  continued  through  sev- 
eral minutes,  covering  a  number  of  cycles.  The  results  were 
plotted  and  the  successive  cycles  which  should  be  similar,  if  all 
the  conditions  remained  constant  and  the  observations  were  cor- 
rectly taken,  were  superposed  and  the  average  adopted  as  the 
correct  result.  Variations  in  speed  and  in  the  time  of  taking 
readings,  and  in  the  readings  themselves,  were  in  this  way  found 
to  be  slight  and  were  eliminated  by  taking  averages.  The  volt- 
meter was  a  Weston  milli-voltmeter  with  the  zero  of  the  scale  in 
the  middle  so  that  both  positive  and  negative  readings  could  be 
taken  without  changing  connections. 

The  wave  form  of  the  machine  was  also  calculated  directly 
from  the  drawings.  The  calculated  and  measured  curves  agreed 
very  closely. 
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V.   The  First  Thbee  Alternators  Under  Test  and  in 

Service. 

The  raannfacturer  guaranteed  that  the  total  electric  and  mag- 
netic losses,  whea  delivering  3730  killowatts,  should  not  exceed 
2^^  of  the  power  required  to  drive  the  alternator.  Before  ship- 
ment, therefore,  tests  were  made  in  the  shops  at  Pittsburg  to 
determine  the  losses  due  to  magnetization  of  the  armature  core, 
the  alternator  being  supported  on  a  thrust  bearing  into  which 
oil  was  pumped  at  a  pressure  of  lOOO  lbs.  per  square  inch  to  sup- 
port the  weight  of  the  revolving  field  which  was  driven  by  a 
direct  current  motor.  The  fields  of  the  motor  were  separately 
excited.  The  energy  delivered  to  the  motor  was  measured  by 
Weston  ammeters  and  voltmeters  previously  compared  with 
standards,  and  simultaneous  observations  of  speed,  field  charge, 
potential  at  terminals  of  alternator  and  current  delivered  to  the 
motor  were  recorded.  These  tests  were  repeated  a  number  of 
times  and  satisfactory  agreement  of  results  was  obtained.  The 
energy  required  to  magnetize  the  field  was  accurately  measured 
in  the  course  of  full  load  tests  carried  out  in  the  power-house 
where  a  large  rheostat  was  constructed  and  used  for  loading  the 
alternator.  The  loss  due  to  resistance  of  the  armature  conduc- 
tors was  calculated  from  the  measured  resistance  and  the  known 
mean  current.  No  allowance  was  made  for  possible  eddy  cur- 
rents in  armature  conductors.  The  losses  and  efficiency  in  the 
case  of  the  first  three  alternators,  thus  determined  were  as 
follows : 

Loss  in  armature  core 42  k.w. 

I^R  loss  in  armature 29.2  k.w. 

i«/2  loss  in  field 11.4    ** 

Total 82.6    *' 

Kilowatt  output 8780  '* 

Kilowatt  input 8813  *' 

Efficiency 97.82  % 

Ventilation. — Much  difficulty  was  encountered  in  securing 
proper  circulation  of  air  throughout  the  interior  of  the  machine. 
When  the  alternators  were  designed  it  was  expected  that  a  plenum 
would  be  established  in  the  interior  of  the  armature,  and  that  the 
air  would  flow  radially  outward  through  the  armature  core.  Six 
holes  in  the  driver  were  provided  for  ventilation,  and  above  each 
of  these  holes  a  copper  ventilating-hood, opening  forward — i.e.,  in 
the  direction  of  rotation — was  placed. 
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The  space  within  the  armature  support  is  open  at  the  top,  no 
hatches  being  ased  between  the  five  radial  arms  at  the  top  of  the 
bearing  support,  and  as  it  was  at  that  time  deemed  inadvisable  to 
reduce  the  strength  of  the  ring  by  providing  openings  through  it 
for  radical  escape  of  the  air,  some  difficulty  was  experienced  in 
establishing  satisfactory  ventilation.  After  some  experimenting, 
the  position  of  the  hoods  on  the  top  of  the  driver  was  reversed, 
with  the  idea  that  they  would  thus  act  as  exhaust  or  suction 
blowers  to  draw  the  air  out  of  the  interior  of  the  machine,  and  after 
this  change  was  made,  excellent  ventilation,  exceptat  the  top  of  the 
armature,  was  secured,  the  air  being  drawn  in  through  the  space 
between  the  field  and  armature  and  the  space  between  field  poles, 
flowing  thence  inward  radially  through  the  armature  core  and 
finally  escaping  through  the  openings  in  the  driver,  the  total 
amount  of  air  thus  passing  through  the  machine  being  not 
less  than  9,000  cu.  ft.  per  minute.  At  the  top  of  the  armature,  the 
cast-iron  armature  support,  being  designed  for  an  expected 
plenum  inside,  interfered  to  some  extent  with  the  flow  of  air 
through  the  upper  ventilating  space  in  the  core,  as  a  consequence 
of  which  the  temperature  as  measured  at  the  top  of  the  core 
exceeded  the  guaranteed  limit,  viz.,  50^  C.  above  suiTound- 
ingair,  byaboutlO^  C.  Water  cooling  devices  in  the  shape  of 
shallow  copper  boxes  applied  to  the  inner  surface  of  the  cast  iron 
armature  support  were  added  to  the  first  three  alternators  but  in 
practice  they  are  seldom  used  as  experience  has  shown  that  the 
temperature  attained  by  the  machines  does  not  seriously  endanger 
and  apparently  does  not  practically  injure  the  insulation  used. 

Origmal  Fi^ld  OoUs  Defective. — As  I  have  stated,  the  con- 
ductors used  in  winding  the  field  coils  originally  designed  for  the 
first  three  alternators  were  covered  with  cotton  insulation.  Under 
test,  the  temperature  of  these  coils,  as  determined  by  thermometer 
applied  to  the  outside  of  the  shells  and  as  determined  by  measure- 
ment of  resistance,  was  well  within  the  guaranteed  limit — i.e,y60^ 
C.  above  surrounding  air;  but  after  the  machines  had  been  op- 
erated for  a  time  it  was  found  that  the  exciting  current  was  gradu- 
ally increasing  from  week  to  week  and  from  month  to  month. 
Investigation  showed  that  this  was  caused  by  excessive  heat  in  the 
middle  of  the  coils,  which  was  gradually  charring  the  cotton  insu- 
lation and  causing  a  part  of  the  current  to  leak  across  from  one 
layer  to  another,  instead  of  following  the  conductor. 
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The  coils  which  had  proved  defective  were  replaced  by  coils  of 
a  new  type,  in  which  the  conductor  is  a  copper  strap  ItV^'^tV''  ^^ 
section,  bent  on  edge,  successive  turns  being  insulated  by  micanite 
placed  between  them  as  in  commutator  construction.  The  edges 
of  the  strap  conductor  are  exposed  to  the  air.  This  type  of  con- 
struction is  now  extensively'  used,  but  I  think  was  iirst  used  in 
these  alternators.  There  are  four  layers  of  turns  separated  from 
each  other  by  insulated  spacing-rods,  the  whole  being  enclosed  in 
a  metallic  case  provided  with  abundant  openings  for  circulation  of 
air.  These  coils  in  service  under  full  load  rise  only  12^  C. 
above  surrounding  air,  as  determined  by  thermometer  and  by 
measurement  of  resistance. 

The  first  alternator  was  put  into  commercial  service  October, 
J  895,  the  second  alternator  following  a  few  months  later,  and  the 
third  beginning  its  commercial  work  in  1897.  They  have  been  in 
practically  continuous  use  ever  since  they  were  started,  being  shut 
down  regularly  once  a  week  for  a  few  hours,  when  they  are  thor- 
oughly cleaned  and  inspected.  Allowing  for  all  stoppages,  the 
use  of  the  first  three  alternators  to  date  in  actual  running  time  is 
more  than  equivalent  to  five  years'  absolutely  continuous  use,  and 
in  that  time  there  has  been  no  failure  in  any  part  of  any  one  of 
the  three  alternators  which  has  caused  one  minute's  interruption 
of  service.  This  excellent  record  is  undoubtedly  due  in  part  to  the 
system  of  inspection  and  testing  adopted,  each  alternator  being 
thoroughly  cleaned  once  a  week,  while  at  intervals  of  about  three 
months  the  armatures  are  subjected  to  a  test  potential  of  6,000 
volts,  and  any  armature  bars  having  insulation  which  will  not 
withstand  this  test  are  removed  and  replaced  by  others.  This,  in 
my  opinion,  is  the  proper  manner  to  take  care  of  electrical  ma- 
chinery. The  total  cost  of  maintenance  of  these  alternators  since 
the  field  coils  were  replaced  has  not  exceeded  1^^,  whereas  if 
they  were  not  kept  in  first-class  condition  it  is  not  difficult  to 
imagine  how  accidents  might  occur,  causing  much  and  expensive 
damage. 

VI.  Alternators  4  to  10. 

Alternators  4-10,  inclusive,  were  designed  in  1896.  The  first 
alternators  had  been  erected,  tested  and  were  in  commercial 
service.  As  compared  with  the  first  three  alternators,  which 
were  designed  in  1893,  the  following  differences  were  intro- 
duced : 
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The  thickness  of  the  field  rings  was  increased  from  4y\ 
inches  to  5  inches.  A  slight  reduction  in  weight  of  the  shaft 
connecting  turbines  and  alternator  made  it  possible  to  increase  the 
weight  of  the  revolving  field  by  about  2,000  lbs.  The  additional 
weight  was  put  into  the  ring  as  being  most  effective  there,  both 
with  respect  to  strength  and  flywheel  effect.  The  increased 
thickness  made  it  possible  so  to  do  without  reducing  the  factor 
of  safety  in  the  ring  below  the  standard  established  for  the  first 
three  alternators.  The  heads  of  the  bolts  which  hold  the  field 
poles  to  the  ring  were  countersunk. 

Tests  of  additional  samples  of  nickel  steel  having  demonstrated 
that  an  alloy  containing  4ri%  nickel  would  be  satisfactory  with 
respect  to  permeability  and  ductility,  while  superior  with  respect 
to  ultimate  tensile  strength  and  elastic  limit,  steel  containing 
4i%  nickel  was  used  for  the  rings  of  the  alternators  4-10. 

The  following  table  shows  results  of  tests  of  samples  from 
number  of  these  rings.    It  is  safe  to  say  that  no  better  steel  has 
ever  been  used  in  the  construction  of  dynamos. 


1 

Tensile  strength 

Elastic  Iirait 

Elongation  in 

Reduction  of 

lbs.  per  sq.  inch. 

lbs.  per  sq.  inch. 

2'  about 

area. 

specified  requirements 

90,000 

4S,ooo 

iB% 

Obtained  in  samples   repre- 

senting various  rings 

93»«So 

55,890 

18.65 

47.82 

95.510 

58.530 

39.  "9 

98,290 

63.150 

19.60 

4a.84 

90,140 

5i»590 

24.30 
23.80 

49.01 

94,600 

57,370 

46.18 

92,040 

5".  1 50 

2C.IO 

35.4t 

90,650 

5C,930 

20.50 

34- 70 

95,740 
96,250 

IIX 

23.63 
83.65 

44.64 
45.53 

95,740 

55,000 

25.65 

46.70 

104,030 

61,800 

20.75 

99.aoo 

56,250 

22.15 

- 

103,390 

60,330 

30.25 

■   - 

93,710 

65,180 

21.00 

4i.3» 

93,aoo 

66,720 

21.50 

41.92 

The  permeability  of  samples  from  these  rings  was  very  close  to 
that  of  the  rings  which  contained  about  3J  per  cent,  nickel  as 
illustrated  in  Fig.  5. 

The  winding  of  the  armature  was  modified  with  a  view 
to  securing  an  increase  in  efliciency  and  closer  regulation,  the 
new  winding  consisting  of  33i  bars  placed  in  an  equal  number 
of  slots  in  place  of  374  bars  placed  in  187  slots. 

The  clearance  between  armature  and  field  was  reduced  from 
1  inch  to  7/8  inch. 
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For  the  old  method  of  building  up  the  armature  core,  which 
involved  the  use  of  nickel  steel  bolts,  the  now  generally  adopted 
method  of  dove- tailing  the  sheet  steel  plates  of  the  armature  inta. 
grooves  on  the  outer  periphery  of  the  cast-iron  support  and  hold- 
ing the  complete  core  in  place  by  end  plates,  secured  by  means 
of  circular  keys,  was  adopted.  This  improvement  in  the  method 
of  raanufaxiture  in  connection  with  the  more  uniform  quality  of 
steel  obtainable,  the  painting  of  the  plates  by  an  insulating 
varnish  and  the  more  accurate  punching  and  fitting  of  the  plates, 
which  made  it  unnecessary  to  do  as  much  tiling  of  the  slots  as 
was  required  in  the  ease  of  the  first  three  alternators,  resulted  in 
a  reduction  of  the  core  loss  amounting  to  about  15  kilowatts. 
Instead  of  six  horizontal  one  inch  ventilating  spaces  through  the 
armature  core,  twelve  spaces  of  about  \  inch  were  provided  and 
the  openings  through  the  cast  iron  armature  support  were  ex- 
tended in  such  a  way  as  to  permit  more  effective  ventilation  in 
the  upper  part  of  the  core. 

As  regards  shaft  and  bearings,  hollow  forged  nickel  steel 
shafts  were  substituted  for  the  solid  shafts  used  in  the  first  three 
alternators  and  the  iron  shell  surrounding  the  babbit-lined  bronze 
bearings  was  cored  out  to  permit  circulation  of  water  and  was  not 
split,  this  improvement  making  it  absolutely  impossible  for  the 
oil  and  water  used  in  cooling  and  lubricating  tlie  bearings  to  get 
mixed  to  the  detriment  of  the  oil. 

During  the  period  which  had  elapsed  since  the  first  alternators 
were  designed,  the  manufacture  of  hollow  forged  shafting  had 
been  brought  to  a  high  degree  of  perfection  by  the  Bethlehem 
Iron  Company  and  in  line  with  the  policy  of  the  Cataract  Con- 
struction Company,  which  aimed  to  secure  nothing  less  than  the 
best  in  material  and  design,  they  were  adopted  for  the  new  alter- 
natore.  The  use  of  the  hollow  forged  shaft  had  reference  also 
to  the  use  of  a  very  ingenious  torsion  dynamometer  designed  by 
Dr.  Coleman  Sellers  and  intended  to  measure  the  force  delivered 
to  the  alternator  by  the  turbine  shaft.  The  use  of  the  hollow 
forged  shaft  made  it  possible  to  dispense  with  the  bridge 
over  the  alternator  by  placing  the  collector  rings  below  the  arma- 
ture and  carrying  the  exciting  current  to  the  field  through  con- 
ductors placed  inside  the  shaft.  This  arrangement  was  not 
adopted  for  alternators  4-10,  however,  as  the  change  in  external 
appearance  caused  by  removing  the  bridges  would  be  radical  and 
it  was  thought  desirable  to  maintain  in  all  alternators  installed  in 
the  same  power-house  general  uniformity  of  design. 
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The  redaction  in  losses,  particularly  in  core  loss,  implied  of 
course  a  reduction  in  heat  to  be  dissipated,  and  as  by  reason 
of  increased  thickness  the  rings  were  stronger  than  those  used 
for  the.  first  three  alternators,  it  was  thought  safe  to  provide 
openings  for  ventilation  along  the  upper  edge  of  the  ring  where 
it  is  secured  by  bolts  to  the  driver.  It  was  decided,  there- 
fore, to  omit  the  ventilating  hoods  from  the  new  alternators, 
but  as  this  omission  involved  some  uncertainty  as  to  the  ability 
of  the  machine  to  operate  within  the  desired  temperature  limit, 
provision  was  made  for  cooling  the  interior  of  the  machine  by 
water  circulating  through  the  cast-iron  armature  support.  When 
the  machines  were  completed  and  tested,  however,  it  was  found 
that  they  would  operate  within  the  required  temperature  limit 
without  the  use  of  water. 

VII.    Performance   of   Alternators   4-10   Under  Test  and 

IN  Service. 

Inefficiency, — The  method  adopted  for  determining  the  effi- 
ciency of  alternators  4-10  was  the  same  as  for  the  first  three 
alternators,  i, «?.,  the  core  loss  was  determined  by  measuring  the 
increase  of  power  required  to  drive  the  alternator  with  charged 
field  as  compared  with  the  power  required  to  drive  it  at  the  same 
speed  with  no  field  charge ;  the  P  R  loss  in  armature  was  cal- 
culated from  the  mean  current  and  the  measured  resistance; and 
the  P  R  loss  in  field  was  also  calculated  from  measured  current 
and  resistance.  To  the  core  loss  at  no  load,  20^  was  added  to 
cover  increase  due  to  distortion  of  magnetic  field  in  the  armature 
under  full  load  and  for  partial  loads  the  measured  core  loss  at  no 
load  was  increased  proportionately.  The  following  tabulated 
statement  of  electric  efficiencies  of  alternators  4,  5,  6,  7  and  8, 
is  an  exhibit  which  should  be  gratifying  to  the  manufacturer, 
to  the  purchaser  and  to  the  members  of  the  Institute,  as  show- 
ing what  electrical  engineering  science  in  America  was  able  to 
accomplish  in  1896,  within  twelve  years  of  the  time  when  alter- 
nating current  electrical  machinery  first  appeared  within  the 
horizon  of  practical  application. 


rotvl  amps,  at 
2400  volu. 


400  amps. 

800  •' 
laoo  ** 
1600     '• 


tlcc    Lff. 
Alt.  No.  4. 


96.20  per  cent. 
97.65        '• 
98.00        •* 
98.1 
98.12        '• 


Elec.  £ff. 
Alt.  No.  5. 

95  99  per  cent. 

97.6  " 
97  96 

98.07  " 
98.06 


Elec.  t*  if. 
Alt.  No  6. 


Eltc.  Eff. 
Alt.  No  7. 


Elec.  Eff. 
Alt.  No.  8. 


96.85  percent.  I  96.4    per  cent. 
98.1  "  97.78        '' 

98.25        '*         I  98.11 


98.32 
98.33 


98.18 
19^.15 


96.2    per  cent. 

97.66        '* 

98.0a 

98  10        " 

98.07        " 
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The  first  three  alternators  designed  in  1893  and  1894  were 
to  all  intents  and  purposes  as  effective  as  the  fourth  and 
succeeding  alternators,  except  that  methods  of  manufacture  were 
not  then  sufficiently  perfected  as  regards  treatment  and  handling 
of  armature  cores  to  permit  reduction  of  the  core  losses  within 
the  limit  established  by  the  succeeding  alternators,  the  result 
being  that  the  efficiency  of  the  first  three  alternators  was  about 
.3  of  one  per  cent,  lower  than  the  efficiency  of  the  others  as  shown 
in  the  table ;  in  other  words,  the  electrical  full  load  efficiency  of 
the  first  three  alternators  was  about  97.8;?  while  the  electrical 
efficiency  of  the  last  seven  alternators  averages  fully  9S.l^.  The 
mechanical  friction,  i,  e.,  air  friction  and  bearing  friction, 
amounts  to  1.1^.  The  net  commercial  efficiency  of  the  first 
three  alternatoi"s  is,  therefore,  96.7^^,  and  that  of  the  last  seven 
alternators,  97^^'.  Surely,  results  such  as  these,  considered  in 
connection  with  the  excellent  record  of  these  machines  in  practi- 
cal operation,  leave  no  ground  for  belief  that  the  designers  of 
5,000  H.  p.  alternators  are  in  any  way  lees  certain  to  attain  de- 
sired results  than  the  designers  of  large  engines,  or  turbines  or 
bridges. 

Temperature. — In  determining  the  temperature,  thermometers 
were  applied  to  the  outride  surfaces  of  the  armature,  as  was  done 
in  testing  the  first  three  alternators,  and  in  addition  to  this  the 
much  more  delicate  and  accurate  method  of  determining  rise  of 
temperature  by  increase  in  resistance  of  exploring  coils  placed 
in  the  ventilating  slots  of  the  armature  core  was  adopted.  The 
exploring  coils  were  made  of  wire  .0025  inch  in  diameter,  which 
was  furnished  by  a  dealer  as  platinum  wire.  Our  determination 
of  the  coefficient  of  resistance  in  rise  of  temperature,  however, 
showed  that  the  wire  was  not  pure  platinum.  The  coefficient  of 
these  exploring  coils  was  determined  by  measurements  of  resis- 
tance at  various  temperatures  ranging  from  10°  C  to  85*^  (X,  while 
coils  were  immersed  in  an  oil  bath.  A  series  of  measurements 
was  made  beginning  at  85°  C.  and  reducing  the  temperature  to 
10®  C,  from  which  point  the  temperature  was  again  grad- 
ually raised  to  85°  0.  During  these  measurements,  the  oil 
was  stirred  and  the  results  obtained  were  gratifying,  the  maxi- 
mum variation  in  the  coefficient,  as  determined  by  a  number  of 
successive  measurements,  being  less  than  1%. 

The  coefficients  being  thus  determined,  the  lengths  of  the  coils 
were  so  adjusted  that  an  increase  of  .1  of  an  ohm  in  the  resistance 
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of  a  coil  corresponded  to  a  change  of  1^  C.  in  temperature.  In 
determining  the  rise  of  temperatnre  of  the  armatnre  corCi 
one  of  the  exploring  coils  was  located  in  the  ventilating  slot 
nearest  the  top  of  the  armatnre,  one  in  a  slot  about  half  way 
between  top  and  bottom,  and  one  in  the  slot  nearest  the 
bottom  of  the  armature.  The  exploring  coils  were  wound 
on  a  thin  piece  of  mica  about  one  inch  in  width  and  three 
of  these  coils  were  placed  about  two  inches  apart  and  se- 
cured to  a  piece  of  fibre  one  inch  in  width  and  10  inches  long. 
The  coils  were  secured  in  place  by  a  tape  and  the  piece  of  fibre 
with  the  taped  coils  was  inserted  radially  in  the  ventilating  slots. 
Between  the  resistance  coils  and  the  iron  of  the  armature  core  but 
one  layer  of  linen  tape  intervened,  and  the  coils  were  thus 
brought  into  intimate  contact  with  the  iron  and  tlie  armature. 

The  purpose  of  this  arrangement  was  to  observe  the  differ- 
ences in  the  temperature  of  the  armature  core  at  several 
points  along  a  radius,  one  of  these  points  being  located 
within  an  inch  of  the  inner  edges  of  the  armature  conductors, 
another  being  two  inches  nearer  the  vertical  axis  of  the  alterna- 
tor, and  a  third  four  inches  nearer  the  vertical  axis  of  the  alter- 
nator. 

During  the  early  part  of  each  test,  i,  e.y  while  the  increase  of 
temperature  was  comparatively  rapid,  the  resistance  of  the 
exploring  coils  was  measured  every  15  minutes  by  means  of  an 
Elliott  Bros,  bridge  in  connection  with  a  D'Arsonval  mirror  gal- 
vanometer. The  sensitiveness  of  the  galvanometer  was  such  that 
the  difference  in  the  resistance  of  a  coil  due  to  the  maximum  rise 
of  temperature  produced  an  equivalent  throw  of  nearly  5,000 
feet  in  the  ray  of  light  on  the  scale  and  a  movement  of  ^ 
of  an  inch  could  be  easily  read.  As  the  temperature,  and  there- 
fore the  resistance  of  the  coil,  increased,  the  ray  of  light  could  be 
seen  to  move  along  the  scale  at  a  rate  approximating  25  feet  per 
minute.  The  measurements  obtained  were  very  satisfactory,  the 
exploring  coils  nearest  the  armature  conductors  showing  tempe- 
ratures a  few  degrees  higher  than  temperatures  measured  by 
thermometers  applied  to  the  outer  perii)hery  of  the  armature 
core.  They  also  indicated  that  even  the  exploring  coils  nearest 
the  armature  conductors  did  not  measure  the  temperature  of  the 
hottest  parts  of  the  armature.  This  will  be  apparent  upon  examina- 
tion of  Fig.  12,  showing  graphically  the  rise  of  temperature  as  deter- 
mmed  by  an  exploring  coil  placed  in  the  slot  nearest  the  top  of  the 
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alternator.  The  solid  lines  show  temperature  of  coil  and  temperature 
of  external  air  when  water  circulation  is  iised.  The  dotted  lines  show 
temperatnre  of  coil  and  temperature  of  external  air  when  the 
armature  is  cooled  by  ventilation  only,  water  circulation  through 
the  armature  core  being  stopped.  It  will  be  noted  that  after  the 
machine  has  apparently  attained  its  maximum  temperature  at  the 
end  of  a  run  of  about  4^  hours,  there  is  a  sudden  rise   of  about 
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5®  0.  This  occurred  when  the  machine  was  stopped,  as  a 
coiisequence  of  which  the  powerful  draft  of  air  through  the  ven- 
tilating spaces  of  the  armature  core  ceased.  The  sudden  rise 
may  be  explained  by  saying  that  after  the  machine  is  stopped,  the 
temperature,  which  is  a  maximum  in  the  teeth  immediately  adja* 
cent  to  the  conductors,  tends  to  equalize  itself  and  a  thermal  wave 
spreads  inward  i'adially,  increasing  the  temperature  of  those  parts 
immediately  adjacent  to  the  exploring  coils. 
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InstUation  Besistance, — Measurement  of  reflistance  of  insula- 
tioD  by  a  WheatBtone  bridge  is  of  v^ry  little  practical  value  as 
it  varies  between  wide  limits,  depending  upon  the  temperature 
of  the  machine,  and  the  humidity  of  the  air.  The  only  import- 
ant  and  conclusive  test  of  insulation  resistance  of  armature  and 
field  winding  is  a  test  of  the  dielectric  strength  by  subjecting  the 
insulation  to  a  potential  considerably  in  excess  of  that  which  it  is  de- 
signed to  withstand  in  service.  It  is  better  of  course  to  use  a  relati- 
vely very  high  potential  for  a  short  time  rather  than  a  moderately 
high  potential  for  a  longer  time  to  avoid  injuringthe  insulation.  In 
the  factory,  the  insulation  of  each  bar  of  the  armature  winding 
of  the  fourth  and  succeeding  alternators  was  tested  by  applying 
15,000  volts,  alternating,  fur  a  period  of  one  minute.  The  insulation 
of  the  completed  armature  as  erected  in  the  power-house  was  tested 
by  applying  6,000  volts,  alternating,  for  a  period  of  10  minutes  be- 
tween the  conductors  and  the  iron  core.  Insulation  of  the  field 
winding  was  tested  by  applying  2,000  volts,  alternating,  for  a 
period  of  10  minutes.  In  all  of  these  tests,  the  form  of  the  poten- 
tial wave  during  a  half  cycle  was  approximately  a  sinusoid. 

Dainage  to  Armature  Winding  Oaxised  hy  Short- Circuits, — 
With  respect  to  ability  of  the  armature  winding  to  withstand  the 
strains  of  magnetic  attraction  and  repulsion  caused  by  short- 
circuits,  the  winding  of  the  new  alternators  proved  less  satisfac- 
tory than  that  of  the  first  three  machines.  The  magnetic  force 
exerted  momentarily  by  the  enormous  currents  flowing  through 
the  armatures  and  external  circuits  when  a  failure  of  cable  insu- 
lation resulted  in  a  short-circuit  can  be  realized  from  the 
statement  that  insulated  conductors  of  1,000,000  c.  m.  sec- 
tion, weighing  upwards  of  3  lbs.  per  linear  foot,  have  been 
thrown  off  from  their  supporting  brackets  to  a  distance  of  5' or  6', 
and  in  at  least  one  instance  a  cable  of  this  kind  was  thrown  from 
the  brackets  on  one  side  of  the  bridge  between  the  power- 
house and  the  transformer-house  with  such  force  that  a  con- 
siderable length  of  it  was  caught  by  the  projecting  cable 
supports  on  the  opposite  side  of  the  bridge  and  did  nut 
fall  to  the  floor.  In  this  instance  the  cable  was  thrown  a 
horizontal  distance  of  approximately  b'  while  falling  not  more 
than  2J'.  The  strain  upon  the  connectors  and  armature  bars 
of  these  alternators  where  they  project  above  and  below  the  core 
is  very  great  under  conditions  of  short-circuit  such  as  these,  and 
in  a  number  of  instances  the  armature  bars  of  the  new  alternators 
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have  been  safficiently  bent  to  damage  the  insulation.  This  diflSi- 
culty  has  been  apparently  overcome  by  inserting  wooden  spacing- 
strips  between  the  projecting  ends  of  the  armature  bars.  The  point 
is  one  of  importance,  and  should  not  be  overlooked  in  the  design  of 
large  dynamos.  The  trouble  is  caused  apparently  by  the  excessive 
stray  magnetic  iield  when  the  machine  is  short-circuited.  The 
stray  field  is  less  in  the  later  machines  than  in  the  first  three  alter- 
nators, but  the  armature  bars  are  but  half  as  thick — j\"  as  com- 
pared with  yV' — *"^  ^  greater  tangential  movement  is  therefore 
possible. 

GhangeH  Introduced  in  the  Oonstruction  of  Alternators  lylO 
Not  Material  a^  Affecting  Their  Money- Earning  Power. — I 
would  ask  you  to  carefully  note  that  the  changes  introduced  in 
the  design  and  construction  of  the  alternatbi's  4-10  as  compared 
with  the  first  thi-ee  alternators  in  no  sense  materially  affect  the 
commercial  usefulness  of  the  machines.  Considering  the  machines 
with  reference  to  their  money-earning  power,  there  is  little  to 
choose  between  the  first  three  alternators  and  their  successors. 
The  advantages  of  the  latter  may  be  summ'ed  up  in  the  statement 
that  their  efliciency  is  about  .3  of  \%  higher,  that  their  regu- 
lation is  somewhat  closer,  and  that  their  limiting  temperature 
under  continuous  full  load  is  about  15°  C.  lower. 

The  armature  insulation  of  none  of  the  first  three  alternators 
has  broken  down  in  commercial  service,  and  examination  of  the 
insulation  of  bars  which  have  been  in  use  since  1895  shows  no  ap- 
parent deterioration.  It  would  seem  safe  to  conclude,  therefore, 
that  a  temperature  rise  of  60^  C.  above  surrounding  air,  or 
absolute  temperatures  in  continuous  service  ranging  from  85°  0.  to 
100^  C.  ,  acts  very  slowly,  if  at  all,  in  causing  deterioration 
of  themicanite  insulation  used  in  this  case.  The  improvements  em- 
bodied in  alternators  4-10,  in  so  far  as  they  are  practically  ma- 
terial, are  the  result  of  improved  methods  of  manufacture  rather 
than  improvements  in  design. 

VIIT.  The  Exciteks. 

During  the  period  of  construction,  current  for  exciting  the 
fields  of  the  alternators  was  obtained  from  a  75  k.  w.  continuous 
current  engine  driven  generator  and  from  200  k.  w.  rotary  con- 
verters, two  of  which  were  installed  for  this  purpose.  These 
converters  were  of  course  supplied  through  step-down  trans* 
formers  and  in  the  winding  of  these  transformers  provision  was 
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made" for  adjustment  of  the  ratio  of  transformation,  and  conse- 
quently for  adjustment  of  the  potential  of  the  continuous  current 
delivered.  A  rheostat  in  the  field  of  each  alternator  aflfords 
means  for  the  necessary  adjustment  of  potential. 

When  the  wheel-pit  was  extended  to  permit  installation  of  the 
fourth  and  succeeding  units,  provision  was  made  for  turbinor 
driven  exciters,  of  which  four  are  now  in  use.  These  exciters, 
are  of  125  k.  w.  output ;  their  speed  is  550  r.  p.  m.  One  of  them 
is  capable  of  exciting  the  entire  battery  of  ten  alternators,  but 
it  is  usual  to  keep  two  in  operation  for  this  purpose. 

Excitation  by  separately  driven  exciters  is  preferable  to  ex» 
citation  from  rotary  converters,  since  in  the  latter  case  variations 
of  potential  at  alternator  terminals  are  increased  by  reason  of  the 
fact  that  the  potential  of  the  exciting  current  delivered  to  the 
fields  varies  in  sympathy  with  the  changes  due  to  variations  in 
the  external  load.  An  increase  in  load,  therefore,  reduces  the 
potential  delivered  to  the  a.  c.  circuits  not  only  by  reason  of 
drop  due  to  resistance  and  reaction  of  armature,  but  also  by  rea- 
son of  a  practically  simultaneous  reduction  in  strength  of  field. 
This  of  course  was  understood  when  the  converters  were  put  in, 
and  they  were  installed  only  as  a  temporary  expedient,  pending 
installation  of  turbine  driven  exciters  which  could  only  become 
possible  when  the  wheel  pit  was  extended. 

IX.    Switching  Apparatus  and  Measuring  Instruments. 

The  design  and  construction  of  adequate  switching  apparatus, 
properly  organized  not  only  with  reference  to  the  three  alter- 
nators originally  ordered  by  the  Cataract  Construction  Company, 
but  also  to  future  extensions  of  the  Niagara  development,  was 
not  the  least  difficult  of  the  problems  presented  by  the  condi- 
tions to  be  met. 

In  1893,  no  switch  adapted  to  5,000  horse-power  circuits  had 
been  constructed  and,  so  far  as  I  am  aware,  no  switch  fitted  to 
meet  the  conditions,  both  of  large  current — 1,000  amperes  per 
pole — ^and  comparatively  high  potential — 2,200  volts,  alternating 
— had  been  attempted. 

As  to  the  general  organization  of  apparatus,  it  was  necessary 
to  provide  not  only  for  the  three  initial  alternators,  but  also  for 
the  operation  of  additional  machines,  of  which  it  was  expected 
that  as  many  as  15  or  20  might  be  located  in  power-house  No.  1, 
while  others,  to  a  possible  ultimate  number  of  40  on  the  Ameri- 
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can  side  of  the  river  and  50  on  the  Canadian  side  of  the  rivers 
might  be  installed.  It  was  obviously  essential  also  that  the 
switching  arrangements  must  be  such  as  to  permit  operation 
of  any  or  all  alternators  in  parallel. 

To  meet  the  conditions,  it  was  decided  to  so  organize  the 
switching  apparatus  as  to  provide  for  operation  of  the  alternators 
in  successive  groups  of  five,  the  alternators  of  each  group  being 
connected  to  switching  apparatus  centrally  located  with  refer- 
ence to  the  group,  with  provisions  for  cross-connecting  the  bus- 
bars of  different  groups  so  that,  if  necessary,  alternators  of 
different  groups  might  be  operated  in  parallel  with  each  other. 


Fig.  14. 

In  previous  organizations  of  switching  apparatus,  at  least  in 
America,  the  switches,  busbars  and  measuring  intruments  had 
been  assembled  upon  vertical  panels  of  marble  or  slate,  these 
panels  being  supported  by  a  suitable  frame  work  and  collectively 
constituting  what  is  called  a  "board."  This  form  of  construc- 
tion is  an  inheritance  from  the  earliest  days  of  the  commercial 
dynamo,  when  it  was  natural  to  place  the  switch  and  the  am- 
meter and  voltmeter  at  first  upon  a  wall  of  the  dynamo  room, 
and  later — when  the  advantages  of   running  wires  behind  the 
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"board"  and  the  necessity  of  going  behind  it  to  look  after 
connections,  etc.,  had  become  apparent — upon  a  vertical  switch- 
board independently  supported  and  separated  from  the  wall  of 
the  room  by  a  suitable  space. 

The  dimensions  of  a  switch  adapted  to  a  5,0(^0  h.  p.  two-phase 
2,200-volt  alternator,  as  fixed  by  size  of  contacts  necessary  to 
carry  the  current  and  by  distance  between  terminals  required  by 
the  comparatively  high  potential,  were  such  that  operation  by 
hand  was  considered  impracticable  and  it  was  decided  to  employ 
pneumatic  pressure  to  throw  tlie  switches.  This  made  it  possible 


Pig.  15. 

to  locate  the  switches  at  a  distance  from  the  operator,  who 
would  thus  be  removed  from  danger  in  case  of  a  short-circuit 
in  the  switches  or  a  dangerous  arc.  Danger  to  the  operator  from 
accidental  contact  with  charged  terminals  would  also  be  eliminated 
in  this  way. 

These  being  the  general  considerations  in  mind,  the  switching 
apparatus  for  the  first  group  of  five  alternators  was  assembled  in  a 
switch  room,  or  structure,  erected  over  the  cable  subway  which 
extends  the  entire  length  of  the  power  house  on  a  line  parallel 
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with  the  row  of  alternators.  The  position  of  this  structure, 
and  of  a  second  one  subsequently  erected  for  tlie  second  group 
of  five  alternators,  with  reference  to  the  alternators,  is  shown  in 
Fig.  13  and  exterior  and  interior  views  are  shown  in  Figs.  14 
and  15.     The   5,000  h.  p.  switch  itself  is  illustrated  in  Fig.  16. 

The  four  leads  from  each  alternator  are  connected  to  the  bot- 
tom terminals  at  opposite  ends  of  a  switch  ;  the  upper  terminals 
are  connected  by  short  pieces  of  insulated  cable  to  the  bus-bars 
which  are  supported  in  a  horizontal  position  above  the  switches. 
Two  sets  of  bus-bars  are  provided  and  any  alternator  may  be 
connected  to  either  set.     Connections  for  the  feeder  switches  are 


Fm.  10. 

similar  to  those  for  the  alternator  switches  except  that  bus-bars 
are  connected  to  the  upper  terminals  and  the  outgoing  cables  to 
the  lower  terminals  at  each  end  of  the  switch  The  bus  bars  are 
insulated  by  vulcanized  rubber  covered  with  braid  and  wrapped 
with  twine.  After  erection,  they  were  subjected  to  a  puncture 
test  of  10,000  volts  alternating.  The  bus-bars  taper  from  the 
middle  toward  each  end,  the  section  at  all  points  being  propor- 
tioned to  the  maximum  current  which  may  traverse  the  bars.  They 
are  circularin  form,  the  end  sections  being  copper  rods  1^"  in  di- 
ameter and  the  intermediate  sections. copper  tubes,  the  largest  being 
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about  3VMn  diameter.  The  rods  eoDstitating  the  end  sections 
are  threaded  and  screwed  into  the  ends  of  the  adjacent  tubes^ 
which  in  tnm  are  threaded  and  screwed  into  the  ends  of  the  large 
tube  constituting  the  middle  section  of  the  bar.  The  fitting  and 
insulating  of  these  bars  was  a  work  requiring  much  care  and 
skill ;  it  was  admirably  carried  out  by  Dr.  W.  M.  Habirshaw, 
Manager  of  the  India  Rubber  &  Gutta  Percha  Insulating  Com- 
pany, Yonkers,  N.  Y.,  which  firm  also  supplied  all  cables  for 
dynamo  leads  and  connections. 

The  switches  are  supported  upon  I  beams  which  span  the 
cable  subway.  While  I  do  not  regard  these  switches  as  absolutely 
reliable  in  opening  circuits  conveying  several  thousand  horse 
power,  they  have  failed  in  service  not  more  than  two  or  three  times 
since  the  plant  was  started  and  on  the  whole  have  done  their 
work  in  a  very  satisfactory  manner. 

The  ammeters  and  voltmeters,  indicating  wattmeters  and  syn- 
chroscopes, are  mounted  not  upon  a  board,  but  upon  indi- 
dividual  instrument  stands,  one  stand  being  provided  for  each 
alternator.  These  stands  are  located  upon  the  platform  which 
constitutes  the  roof  or  ceiling  of  the  switch  room.  In  front 
of  each  alternator  instrument  stand  is  a  smaller  one  carry- 
ing the  levers  by  means  of  which  air  is  admitted  to  the 
switch  cylinders.  For  each  feeder  circuit,  lever  stands 
equipped  with  pilot  lamps  and  drop  indicators  are  located  upon 
the  upper  platform  of  the  switch  structure  within  convenient 
reach  of  the  operator.  The  drop  indicators  were  not  included 
in  the  original  outfit,  but  were  added  at  a  later  date  after  the 
feeder  fuses  were  dispensed  with.  In  case  of  short-circuit,  they 
indicate  to  the  operator  which  of  the  several  feeder  circuits  is  in 
trouble.  They  are  constructed  very  like  the  drop  indicators  in 
a  telephone  switchboard. 

For  each  phase  of  each  feeder  circuit,  an  indicating  wattmeter 
and  a-watt-hour  meter  are  provided.  These  instruments  are  not 
placed  upon  the  switch  structure,  but  are  located  in  the  Super- 
intendent's office,  my  theory  being,  at  the  time  this  installation 
was  made,  that  the  switch  operator  need  see  only  the  alternator 
instruments,  while  the  division  of  load  among  the  several  feeders 
supplying  diflEerent  tenants  of  the  company  was  a  matter  con- 
cerning the  Superintendent.  Incidentally,  also,  this  arrangement 
by  removing  from  the  switching  structure  a  large  proportion  of 
the   measuring  instruments,  simplifies  the  organization  of  ap- 
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paratus  at  that  place,  and  improves  the  appearance  of  the  plat- 
form of  the  switching  structure  which  wonld  otherwise  be 
awkwardly  crowded  by  instmment  stands.  An  argument  in 
favor  of  instrument  stands  as  against  an  instrument  ^'  board," 
which  considerably  influenced  the  decision  in  favor  of  the 
former,  was  the  fact  that  as  instrument  boards  were  then  con- 
structed it  was  not  easy  to  put  up  a  board  for  three  alternators 
arranged  for  extensions  to  take  care  of  additional  alternators 
which  would  not  look  uniinished  and  incomplete  until  such  time 
as  the  additional  alternators  might  be  installed. 

The  alternating  current  measuring  instruments  used  are  of  a 
very  interesting  type,  invented  by  the  late  O.  B.  Shallenberger, 
whose  untimely  death  in  1898  was  a  most  serious  loss  to  applied 
science  in  electrical  engineering.  In  their  various  modifications, 
these  instruments  constitute  a  complete  series  of  indicating  and 
integrating  meters  for  single  or  polyphase  alternating  currents. 

The  5000  //.  F,  Switch. — Fig.  16  shows  the  general  arrange- 
ment and  construction  of  one  of  the  5,000  h.  p.  two-way  four- 
pole  switches.  Two  independently  operated  pistons  working 
in  air  cylinders  placed  back  to  back  are  used  to  open  and 
close  the  switches.  The  current  carrying  contacts  are  of  the  or- 
dinary blade  and  jaw  type.  In  opening  the  switch  when  the 
moving  blades  leave  the  contact  jaws,  the  arc,  which  would 
otherwise  occur,  is  prevented  by  a  shunt  circuit  having  a  con- 
siderable resistance.  The  small  current  which  flows  through 
this  resistance  is  finally  broken  at  auxiliary  terminals  of  the 
plunger  and  socket  type,  the  material  used  for  these  terminals 
being  a  certain  quality  of  brass  which  does  not  readily  arc. 
The  non-arcing  qualities  of  this  material  were  discovered  by 
Alexander  J.  Wurts  and  utilized  by  him  in  his  well-known  and 
valuable  lightning  arrester  for  alternating  current  circuits.  Its 
utilization  in  these  switches  in  combination  with  a  shunt  resis- 
tance is  due  to  Mr.  II.  N.  Potter.  On  the  whole,  these  switches 
have  been  very  satisfactory  in  operation.  They  cannot  be  relied 
upon  to  open  the  circuit  under  short-circuit  conditions,  and 
were  never  intended  for  that  purpose.  They  have  been  used, 
however,  to  open  the  circuits  when  delivering  large  amounts 
of  power,  and  they  have  done  this  successfully.  Under  test  con- 
ditions they  have  repeatedly  opened,  without  injurious  sparking, 
currents  exceeding  600  amperes  per  phase.  In  opening  the  circuit 
by  this  switch,  under  the  conditions  existing  in  service,  noappre- 
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ciable  rise  of  potential  occurs.  This  point  has  been  thoroughly 
demonstrated,  as  it  was  deemed  possible  that  in  suddenly 
opening  heavy  power  circuits  of  considerable  inductance  and 
capacity,  momentary  abnormal  rise  of  potential  might  be  ex- 
perienced. That  no  excessive  rise  does  occur  has  been  con- 
K^lusively  proved  by  tests,  the  method  used  being  to  place  in 
parallel  with  the  switch  a  spark-gap,  consisting  of  two  sharp 
terminals  separated  by  an  adjustable  and  known  space. 

Automatic  Circuit- Openinff  Devices. — In  the  original  outfit 
of  switching  apparatus  no  fuses  or  circuit-breakers  were  used  in 
the  leads  between  the  alternators  and  bus-bars,  nor  has  experience 
ever  indicated  that  they  are  desirable  in  these  circuits.  The 
leads  from  alternators  to  bus-bars  are  not  long,  and  the  poten- 
tial is  but  2,200  volts,  alternating. 

The  conductors  used  have  an  -^/^  wall  of  vulcanized  rubber, 
containing  S0%  pure  Para,  this  insulating  wall  being  covered  by  a 
heavy  braid,  treated  with  compound  to  exclude  moisture.  Those 
more  recently  put  down,  over  this  braid  have  also  a  braid  treated 
with  a  lire-proof  composition.  With  such  insulation  there  is  less 
danger  of  a  break-down  between  alternator  terminals  and  bus- 
bars than  there  is  in  the  armatures  themselves,  and  considering 
the  uncertainty  of  action  of  any  automatic  circuit-breakers  or 
fuses  available  at  the  time,  it  was  decided,  I  believe  wisely,  to 
install  nothing  of  the  kind  in  the  alternator  leads. 

As  regards  feeders,  the  arguments  in  favor  of  automatic  circuit 
opening  devices  are  much  more  weighty  than  in  the  case  of  the 
alternator  leads,  since  occasional  failures  of  cable  in  an  extensive 
system  of  distribution  are  inevitable,  and  without  automatic  open- 
ing devices  in  the  feeder  circuits  the  entire  battery  of  alternators 
connected  to  the  affected  circuit  must  be  shut  down  in  case  of 
trouble.  A  serious  effort  was  therefore  made  to  provide  suitable 
automatic  circuit  opening  devices.  No  circuit  breakers  having 
been  developed  for  this  kind  of  service,  fuses  of  a  type  furnished 
by  theWestinghouse  Company  and  unquestionably  the  best  avail- 
able at  that  time  were  adopted.  These  fuses  had  some  ingenious 
and  excellent  features,  but  in  service  ultimately  proved  a  failure, 
and  in  1898,  after  a  year's  experience  in  charge  of  operation  of 
the  plant,  I  removed  all  of  them,  and  since  then  the  plant  has 
been  operating  without  any  automatic  circuit-opening  devices  in 
the  local  distributing  feeders  at  the  power-house.  Where  the  feeders 
enter  the  premises  of  the  tenants  using  the  power,  fuses  were  ori- 
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ginally  U8ed,and  these  have  since  been  sncceeded  bj  circnit-brei 
ere  of  which,  several  types  are  now  in  service.  The  fuse  origina 
used  in  the  feeders  at  the  power-honse  is  of  aluminium,  and 
enclosed  between  two  lignumvitae  blocks,  in  which  spaces  for  I 
three  parallel   fuse   strips  are  cut  out.     The  arrangement  i| 
development  of  the  expulsive  type  of  fuse,  vents  from  each  of 
three  fuse  chambers  being  provided,  through  which  the  vapor  of 
exploding  fuse  is  expelled.  The  lignum-vitae  blocks  are  hinge( 
one  end,  and  when  closed  are  held^together  securely  at  the  other  e 
When  the  blocks  are  in  perfect  condition,  so  that  the  only  outlet 
the  gas  formed  by  the  explosion  is  through  the  vents  provided  for 
purpose,  they  are  effective,  as  was  demonstrated  not  only  by  ti 
at  Niagara  preceding  their  adoption,  but  also  by  their  action 
commercial  service.     But  in  practice,  owing  to  gradual  shrinks 
of  the  blocks  the  exploding  gas  sometimes  reaches  the  termiu 
and  the  fuse  fails  to  clear.  It  was  foand  in  practice  that  the  fuse 
self,  which  having  exposed  terminals  is  necessarily  an  imperfec 
insulated    link    in     the  circuit,  caused    more    trouble    than 
prevented,  and   its  use   was  therefore  abandoned.      Until   i 
work  of  placing  the  local  distributing  cables  in   properly  c< 
structed  conduits  was  completed,  about  two  years   ago.   shol  ?f> 
circuits   upon   some    of  the   local    distributing  cables   occnrr  ^ 
much  more  frequently  than  was  desirable,  and  the  local  servi 
was  occasionally  interrupted  when  it  probably  would  not  ha^J^ 
been  interrupted  if  automatic  circuit-breakers,  such  as  can  now     \ 
obtained,  had  been  in  use  upon  the  feeder  circuits.     Since  t  ^/ 
work  of  relaj'ing  the  cables  has  been  completed,  however,  inti  ^ 
ruptions  of   local   service  due  to  failures   in   cables  have   bei  '^^ 
extremely  rare,  and  as  there  is  no  space  conveniently  available 
Power-house  No.  1  for  the  installation  of  feeder  circuit-breake 
it  has   not  been    thought  wise   to   introduce    them.     Plans  f^ 
Power-house  No.  2,  however,  contemplate  the  use  of  autoniai 
circuit-breakers,  and  since  adequate  space  will  be  provided  U 
the  improved  types  now  available  there  is  every  reason  to  beliet 
that  they  will   be  successful.     Marked  progress  in  constructio 
of  circuit-breakers  for  high  potential  and  large  power  circuits  ha 
been  made  since  1893.     To  this  progress  the   experience  am 
requirements  of  the  Niagara  Falls  plant  have  in  no  small  degree 
contributed,  and  some  most  interesting  and  instructive  tests  o: 
automatic   circuit-opening  devices  have  been  carried  out  jointlj 
by  engineers  of  the  manufacturing  companies  and  the  staff 
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the  Niagara  Falls  Power  Company.  I  regret  that  the  limits  of 
this  paper  do  not  permit  discussion  of  some  of  these  tests. 

Fuses  cmd  Circuii-Breakers  on  Long-Distance  Transmission 
Circuits. — With  regard  to  the  circuits  used  for  transmitting  power 
to  Buffalo  and  other  distant  places,  the  original  outfit  of  switching 
apparatus  in  the  power-house  included  fuses  of  the  expulsion 
type  above  described.  These  fuses  were  located  in  the  switch- 
room,  and  were  mounted  and  connected  exactly  as  are  those  used 
in  the  local  distributing  service — all  feeder  circuits,  in  fact,  being 
treated  alike  in  this  respect. 

When  I  became  Electrical  Director  of  the  Cataract  Construc- 
tion Company  and  the  Niagara  Falls  Power  Company  in  March, 
1897,  the  Buffalo  service,which  then  amounted  to  less  than 
2,000  H.  p.,  was  supplied  at  11,000  volts  over  transmission 
circuits  which  have  been  described  by  Mr.  J.  G.  White  in 
a  paper  read  before  the  National  Electric  Light  Association  in 
June,  1897.  At  Niagara  three  930-k.  w.  step-up  trans- 
formers,  supplied  by  the  General  Electric  Company,  and  of  the 
well-known  air-cooled  type,  were  installed,  two  being  in  service 
and  one  held  in  reserve.  The  connections  used  were  and  still  are 
the  two-phase,  three-phase  arrangement.  Lead  fuses,  mounted 
upon  a  marble  panel,  had  been  placed  in  the  2,200-volt  circuit  on 
one  side  of  the  step-up  transformers  and  aluminium  fuses,  also 
mounted  upon  a  marble  panel  and  separated  from  each  other  by 
wooden  barriei's,  were  used  in  the  11,000-volt  three-phase  circuit. 

In  Buffalo,  in  a  small  room  adjacent  to  the  power-house  of 
the  Buffalo  Railway  Company,  three  250-k.  w.  transformers,  con- 
nected in  delta,  received  from  the  transmitting  circuit  three-phase 
current  at  about  10,000  volts  and  delivered  three-phase  current  at 
375  volts  to  two  rotary  converters,  which  in  turn  delivered  direct 
current  to  the  circuits  of  the  railway  company.  In  the  11,000- 
volt  circuits  supplying  the  step-down  transformers,  aluminium 
fuses  similar  to  those  used  on  the  high  potential  side  of  the  step- 
up  transformers  at  Niagara  were  inserted.  There  were  no  fuses 
between  the  step-down  transformers  and  the  converters,  but  cir- 
cuit-breakers were  used  in  the  direct  current  circiiits  leading  from 
the  converters  to  the  main  bus-bars  of  the  Railway  power-house,  to 
which  power  was  supplied  not  only  from  these  converters,  but  also 
from  a  number  of  direct-current  steam-driven  dynamos.  The  fuses 
thus  arranged  were  found  to  be  far  from  satisfactory,  a  short- cir- 
cuit on  the  transmission  circuits  in  Buffalo  usually  blowing  every 
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fuae  between  the  point  where  the  short-circnit  occurred  and  the  bus- 
bars at  Niagara.  Attempts  to  prevent  this  by  so  adjusting  the  size 
of  the  sevei-al  sets  of  fuses  in  series  witli  each  other  as  to  ]>ermit 
only  fuses  at  Buffalo  to  blow  in  case  of  trouble  beyond  them,  and 
the  high  potential  fuses  at  Niagara  to  blow  only  in  case  of  trouble 
on  the  transmission  line  between  them  and  the  Buffalo  fuses,  did 
not  succeed.  Moreover,  the  11,000-volt  fuses  sometimes  failed  to 
dear  without  practically  destroying  their  terminals  and  the  2,200- 
volt  lead  fuses,  which  contained  a  considerable  quantity  of  metal, 
usually  destroyed  terminals  and  harriers,  and  continued  to  arc 
until  the  power  was  cut  off. 

As  the  long  distance  service  increased  in  amount  and  power 
was  supplied  to  other  sub  stations  in  Buffalo  and  other  places, 
the  necessity  of  automatic  circuit  opening  devices,  which  would 
localize  trouble  by  opening  branch  circuits  withont  opening  the 
main  transmission  circuits  at  the  Niagara  end  and  so  interrupting 
the  entire  long  distance  service,  became  very  urgent  and  to  meet 
these  conditions  the  time-limit  relay  circuit  breaker  was  devised. 
The  first  of  these  circuit  breakers  was  designed  in  detail  and 
constructed  by  the  General  Electric  Company. 

These  circuit-breakers  are  essentially  the  well  known  Gen- 
eral Electric  railway  circuit  breaker  without  the  secondary  break 
and  blow-out  coil,  the  trip  coil  being  wound  not  with  the  main 
circuit,  but  with  an  auxiliary  lOO-volt  winding  supplied  from 
a  transformer,  the  circuit  being  closed  through  this  coil  by  a 
clock-driven  contact.  The  magnet  in  the  main  circuit  controls 
a  stop  device  which  releases  the  clockwork  which  may  be  set  to 
make  the  contact  and  trip  the  breaker  at  the  expiration  of  a  pre- 
determined time  interval.  The  current  carrying  contacts  of  the 
breaker  are  shunted  through  long,  fine  fuses  placed  in  cylinders  of 
wood,  which  are  provided  with  vents,  or  chimneys,  through  which 
the  gas  of  the  exploding  fuse  may  escape.  When  the  shunt  fuse  is 
properly  connected  to  the  circuits,  these  breakers  open  the  circuit 
so  far  as  has  been  determined  without  momentary  rise  of  poten- 
tial and  usually  without  burning  the  current  carrying  contacts. 
It  is  necessary,  however,  to  use  great  care  in  replacing  a  shunt 
fuse,  as  any  failure  to  make  a  perfect  connection  of  the  shunt 
will  result  in  the  destruction  of  the  breaker  the  next  time  it  is 
called  upon  to  act. 

A  number  of  these,  and  also  a  number  of  time-limit  circuit- 
breakers  as  constructed  by  the  Westinghouse  Electric  and  Mfg. 
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Oo.,  are  dow  in  aee  iu  Niagara  and  in  Baffalo.  The  essen- 
tial feature  of  the  time-limit  circuit-breaker  is  the  use  of  an 
adjustable  time  measuring  device  which  is  started  when  the  cur- 
rent passing  through  the  circuit-breaker  exceeds  a  certain  prede- 
termined value  and  which  is  used  to  open  a  circuit-breaker  at  the 
expiration  of  a  predetermined  time  interval.  No  matter  how 
great  the  current  passing  through  the  circuit-breaker  may  be,  it 
oannot  open  automatically  until  a  definite  and  predetermined 
time  has  elapsed. 

The  diagram  Fig.  9  illustrates  the  connections  of  \he  power 
circuits  between  bus-bars  at  Niagara  and  the  feeder  circuits  radi- 
liting  from  sub-stations  in  Buffalo.  The  diagrammatic  connections 
shown  appear  simple  enough  but  the  actual  connections  are 
necessarily  very  complicated.  This  will  be  realized  upon  inspec- 
tion of  Figures  10  and  11,  illustrating  respectively  the  actual  con- 
nections in  the  step-up  transformer  house  and  in  the  Buffalo  terminal 
house,  where  the  step-down  transformers  are  located.  In  Fig.9 1  have 
shown  but  two  alternators  with  their  switches,  one  feeder  switch, 
one  pair  of  step-up  transformers,  one  group  of  three  step-down 
transformers  and  a  single  group  of  step-down  transformers  in  each 
of  the  five  sub-Etatione.  As  a  matter  of  fact,  four  and  sometimes  five 
alternators  are  used  to  supply  the  long-distance  service.  Eighteen 
step-up  transformers  are  installed  at  Niagara.  Three  transmis- 
sion circuits  are  available,  and  two  are  normally  used.  Seven 
step-down  transformers  are  provided  in  the  Buffalo  terminal 
house  and  from  this  terminal  house  eight  sub-stations,  each  contain- 
ing from  three  to  upwards  of  twenty  step-down  transformers,  are 
supplied.  A  very  large  number  of  distributing  circuits  radiate  from 
sub-stations  in  Buffalo.  It  will  be  seen  at  a  glance,  therefore, 
that  so  extensive  a  system  involves  necessarily  a  large  degree  of 
-complication.  Occasional  accidents  to  the  system  in  one  part  or 
another  are  practically  inevitable,  and  since  the  system,  overhead 
and  underground,  is  interconnected,  the  problem  of  localizing 
trouble  resulting  from  a  failure  of  insulation  oi'from  other  acci- 
<lent  is  a  very  difficult  one.  The  attempt  has  been  made  to  solve 
the  difficulty  by  the  use  of  the  time-limit  circuit-breaker,  but  up 
to  date  the  results  have  not  been  entirely  satisfactory.  Failures, 
however,  have  been  due  to  the  circuit-breaking  parts  and  not  the 
time  limit  device  which,  in  connection  with  circuit-breakers  that 
-can  be  relied  upon  to  open  their  respective  circuits,  is  unques 
tionably  a  valuable  feature.     Referring  to  Fig.  9,  time-limit  cir 
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cuit-breakers should  be  setae  follows  :  (1)  Iq  22,000-volt  circaite 
at  step-up  transformer  bouse,  the  relays  should  be  set  to  actuate- 
circuit-breakers  at  expiration  of  about  three  seconds;  (2)  in 
10,000-volt  cables  connecting  transformers  in  BuflEalo  terminal 
house  to  sub-stations,  they  should  be  set  to  open  in  somewhat  lesa 
time,  e.  g.^  one  second ;  (3)  in  distributing  circuits  from  step- 
down  transformers  in  the  various  snb-stations,  they  should  be  set 
to  open  instantly.  If  a  short  circuit  then  occurs  upon  one  of  the 
branch  lines  from  a  sub-station,  the  circuit-breaker  in  that  branch 
should  open  instantly,  cutting  off  the  supply  of  power  to  the 
branch  without  interruption  of  service  throughout  the  general 
system,  but  unfortunately  no  circuit-breaker  can  open  instantly. 
This  being  so,  when  the  short  circuit  on  the  branch  occurs,  the 
clock  mechanism  of  the  circuit-breakers  in  the  10,000-volt  circuit 
at  the  terminal  house  starts  as  does  also  similar  mechanism  in  the 
circuit-breakers  of  the  high  tension  lines  at  Niagara.  As  soon  as 
the  circuit-breakers  on  the  branch  at  the  sub-station  have  cleared, 
which  will  happen  in  a  very  small  fraction  of  a  second,  the  relay 
tripping  device  in  the  11,000  and  22,000-volt  circuit-breakers 
becomes  inoperative,  and  these  circuit-breakers  reset  themselves 
automatically.  If  for  any  reason  the  circuit-breaker  in  the 
local  distributing  circuit  which  is  in  trouble  should  fail  to  clear 
that  circuit,  the  clock  mechanisms  of  the  circuit-breakers  in  the 
11,000  and  22,000-volt  circuits  will  continue  to  revolve  until  one 
second  has  elapsed,  when  the  circuit-breaker  in  the  11,000-volt 
circuit  will  open  and  clear  the  circuit.  The  breakers  in  the 
22,000-volt  circuit  at  Niagara  being  set  for  three  seconds  cannot 
yet  open  and  they  automatically  reset  themselves. 

This,  however,  is  theory  rather  than  practice,  as  owing  to  fail- 
ure  of  circuit-breakers  to  clear  their  circuits  the  operation  of  the 
time  relay  cannot  be  said  to  have  accomplished  its  object  as  yet. 
But  I  believe,  that  circuit-breakers  capable  of  op>ening  these 
circuits,  even  under  the  extreme  conditions  prevailing  when  a 
branch  is  short  circuited,  will  be  developed,  and  that  the  time 
limit  device  in  conjunction  with  such  breakers  will  solve  the  prob- 
lem. At  the  present  time,  owing  to  the  failure  of  the  11,000- 
volt  circuit-breakers  at  the  terminal  house  and  the  22,000-volt 
circuit-breakers  at  the  step-up  transformer  house  to  clear  their 
circuits,  the  time  limit  device  is  not  used  at  these  points. 

That  time  and  experience  should  be  required  for  the  devel- 
opment of  circuit-breaking  apparatus   adapted  to  circuits   con- 
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Yeyiog  thousands  of  horse-power  at  10,000  and  26,000  volts  is 
not  remarkable.  Indeed,  it  has  been  stronfi^lj  urged  that  no 
Mtempt  should  be  made  to  open  the  power  circuits  while  con* 
veying  large  workuig  currents.  In  a  paper  on  '^  The  Electric 
Transmission  of  Power  from  Niagara  Falls,"  read  before  the 
British  Institution  of  Electrical  Engineers  November  9,  1893, 
the  author,  who  at  that  time  was  Consulting;  Electrical  Engineer 
to  the  Cataract  Construction  Company,  speaking  of  abnormal 
momentary  rise  in  electric  potential  says :  ^^  As  to  the  cause  of 
trouble  mentioned  above,  I  hold  that  it  is  a  piece  of  culpable 
ignorance,  ruinous  to  the  machinery,  if  any  one  should  ever  on  a 
large  power  circuit  with  alternating  current  suddenly  break  the 
circuit  while  current  is  passing.  This  practice  is  quite  unnecessary, 
and  has  given  rise  to  a  large  proportion  of  breakdowns  of  alter- 
nating  current  machinery."  In  my  opinion,  this  view  is  one 
well  worthy  of  consideration.  The  answer  of  course  is  that 
unless  provision  is  made  for  breaking  the  circuit  while  current 
is  passing  it  becomes  necessary  to  shut  down  the  entire  plant 
supplying  Buffalo,  Tonawanda  and  Lockport  every  time  insu- 
lation fails  in  any  part  of  a  vast  system  of  overhead  conduc- 
tors, underground  cables  and  transforming  machinery  installed 
throughout  the  extensive  territory  supplied  from  the  Niagara 
plant.  But  if  in  opening  a  branch  circuit  in  order  to  localize 
trouble  and  avoid  an  interruption  of  the  entire  service  the 
insulation  of  important  parts  of  the  system  be  subjected  mo-, 
mentarily  to  extremely  high  potentials  it  may  be  argued  rea- 
sonably that  it  would  be  better  practice  to  provide  no  circuit 
opening  devices,  aim  to  make  the  insulation  of  the  entire  system 
«o  perfect  as  to  avoid  any  breakdowns,  and  when  accidents  did 
occur  cut  off  the  entire  supply  of  power  until  the  cause  of  trouble 
is  removed.  It  has  been  my  view  that  automatic  circuit-breakers 
to  localize  trouble  were  essential, — that  the  problem  must  be 
faced  and  solved. 

In  1894,  the  5000  horse-power  pneumatically  operated  switch 
was  tested  in  opening  circuits  of  high  inductance,  an  adjustable 
epark  gap  being  placed  in  parallel  with  the  break  and  the  fact 
was  established  that  for  the  circuits  used,  which  were  thought  to 
fairly  represent  the  most  severe-  conditions  to  be  expected  in 
practical  service,  this  switch  could  be  used  without  danger  of 
abnormal  momentary  potential.  As  this  switch  does  not  sud- 
<len1y  open  the  circitit  through  which  the  current  of  perhaps  1000 
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amperes  is  flowing,  but  opens  it  through  a  resistance  arranged  a» 
a  shunt  around  the  main  contacts  of  the  switch,  the  result  dem* 
onstrated  by  the  tests  is  accounted  for,  and  in  fact  the  switch 
was  designed  on  these  lines,  not  only  with  a  view  to  open- 
ing the  circuit  without  damage  to  the  switch  itself  but  to 
do  80  without  causing  momentary  rise  of  potentiaK  Simi- 
larly, tests  of  fuses,  enclosed  in  lignum  vitse  boxes,  pro- 
vided with  a  vent  for  the  escape  of  gas  showed  no  ab* 
normal  increase  of  potential  in  breaking  the  circuit.  At  a  later 
date,  tests  of  carbon  shunt  circuit- breakers,  which  in  opening  the 
circuit  draw  a  long  arc  of  carbon  vapor,  were  tested  and  no  ex- 
cessive rise  of  potential  was  noted ;  and  at  a  still  later  date  Mr. 
Steinmetz,  at  Schenectady,  tested  circuit-breakers  of  the  type 
which  open  the  circuit  under  oil,  and  he  found  no  dangerous 
rise  of  potential.  In  the  case  of  the  tests  at  Pittsburg  in  1894^ 
and  also  in  the  case  of  tests  by  Mr.  Steinmetz,  the  circuits  opened 
were  supposed  to  be  thoroughly  representative  of  extreme  con- 
ditions to  bemet  in  practical  service.  It  is  apparently  established,, 
therefore,  that  the  danger  of  causing  oscillations  of  extremely 
high  potential  in  automatically  opening  alternating  current  power 
circuits  operating  at  25,000  volts  has  been  surmounted.  Never- 
theless, up  to  the  present  time  experience  with  circuit-breakers 
at  Niagara  has  not  been  satisfactory.  The  conditions  are  extreme 
and  the  causes  of  the  failures  which  have  occurred  have  been 
recognized  and  in  some  degree  removed,  but  further  improve- 
ment is  to  be  desired,  and  I  suggest  that  in  the  discussion  of  this 
paper  those  who  have  given  special  attention  to  the  design,  con- 
struction and  use  of  circuit-breaking  switches  let  the  Institotb: 
have  the  benefit  of  their  study  and  experience. 

In  aiming  to  secure  satisfactory  automatic  control  and  separa* 
tion  of  circuits  in  case  of  accidents,  as  I  have  said,  the  time  ele- 
ment relay  circuit-breaker  was  introduced  for  the  purpose  of 
localizing  trouble  by  cutting  oflE  the  branch  circuit  aflEected  with- 
out interfering  with  continuity  of  service  through  other  branches 
or  supplied  through  the  same  trunk  lines.  In  addition  to  this^ 
the  reversed  current  circuit-breaker  was  installed  at  the  Buffalo 
end  of  the  line  for  the  purpose  of  automatically  disconnecting 
from  other  circuits  in  that  city  any  one  of  the  overhead  trans- 
mission circuits  from  Niagara  which  might  become  short-cir- 
cuited, fleversed  current  circuit-breakers,  I  believe,  were  first 
used  at  Hastings,  England,  where  they  were  connected   in  the 
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circuit  between  alteraators  and  bus-bars.  Those  which  have 
been  used  in  connection  with  the  Niagara  plant  consist  essen- 
tially of  a  circuit-breaker  similar  to  those  used  for  opening 
circuits  under  abnormal  overloads  excepting  that  the  ueual  trip- 
ping coil  it  omitted  and  a  tripping  device  actuated  by  reversal 
of  current  substituted.  In  one  type,  the  tripping  device  is  sim- 
ply a  motor,  one  element  of  which  is  energized  from  and  is  con- 
sequently approximately  in  phase  with  the  bus-bare,  to  which 
two  or  more  incoming  circuits  are  connected,  while  the  other 
element  is  connected  into  and  is  therefore  in  phase  with  the  cur- 
rent traversing  the  circuit  which  under  certain  conditions  it  is  in- 
tended to  open.  In  another  type,  and  one  which  is  probably  more 
certain  in  action  becanse  less  affected  by  the  radical  displacement 
of  phases  which  accompanies  short-circuits,  the  elements  of  a 
Shallenberger  meter  are  used,  the  disk  normally  tending  to 
rotate  in  a  given  direction  but  being  held  by  a  stop  when  the 
current  through  the  series  element  is  normal.  In  case  of  a  short- 
circuit  on  the  line,  the  direction  of  current  through  the  series  coil 
is  momentarily  reversed,  while  that  through  the  shunt  coil,  which 
is  connected  to  the  bus-bars,  though  shifted  in  greater  or  less 
degree  remains  in  phase  with  the  incoming  circuit  which  has  not 
been  short-circuited  ;  consequently  the  disk  tends  to  rotate  in  an 
opposite  direction,  and,  being  free  to  move,  revolves  through  a 
certain  angle  and  closes  an  auxiliary  circuit  which  opens  the 
breaker.  In  three-phase  circuits,  the  connections  are  compli- 
cated, and  owing  to  the  radical  displacement  of  phases  which 
occurs  when  lines  are  short-circuited,  I  regard  none  of  these  de- 
vices as  thoroughly  reliable,  although  they  have  some  times  acted 
satisfactorily. 

X.     Transmission  and  Di«tribution. 

In  the  report  of  Prof.  W.  C.  Unwin,  Secretary  of  the  Inter- 
national Commission,  which  in  January  and  February,  1891,  con- 
sidered no  less  than  22  plans  for  the  development  of  Niagara 
power,  which  had  been  submitted  in  compliance  with  an  invita- 
tion from  the  Oataract  Construction  Company,  it  is  stated  that 
"There  were  two  or  three  points  of  primary  importance  as  to 
which  the  Commission  came  to  a  definite  expression  of  opinion." 
One  of  these  related  to  the  distribution  of  power  by  electrical 
conductors  and  the  language  of  the  Secretary's  report  is  as  fol- 
lows: 
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f'  ^'  On  a  third  point  the  Commission  came  to  a  conclnsion  which 
departed  from  the  view  taken  by  any  of  the  competitors.  They 
considered  that  it  would  be  necessary  to  have  a  tunnel,  or  sub- 
way, in  which  to  place  the  main  electrical  distributing  conduc- 
tors; in  such  a  subway  the  conductors  could  be  of  bare  copper, 
placed  on  insulators.  If  the  conductors  were  so  placed  in  a  sub- 
way, the  greatest  facility  would  be  a£Eorded  for  erection,  for 
repairs,  for  inspection  and  for  cleansing  and  there  would  be  the 
greatest  security  from  accident  due  to  lightning  or  rain  or  snow, 
or  to  provide  against  public  wanton  mischief.  These  considera- 
tions appeared  to  the  Commissioners  to  be  so  important  that  they 
would  justify  the  excessive  cost  involved  in  the  construction  of 
the  subways,  which,  however,  would  probably  not  be  great." 

Beyond  doubt,  such  a  subway,  if  large  enough  to  admit  of 
proper  spacing  of  bare  conductors  carrying  20,000-volt  currents 
and  supported  upon  porcelain  or  glass  insulators,  would  possess 
the  advantages  pointed  out  by  the  Commission,  but  unfortunately 
its  cost  is  so  great  as  to  be  quite  prohibitive,  unless  the  power 
transmitted  through  it  is  very  large  in  amount,  e.  ^.,  50,000  k.  w. 
However,  at  the  outstart  the  company  actually  did  construct  a 
tunnel,  or  subway,  about  half  a  mile  in  length,  extending  from 
the  power  house  to  a  point  near  the  works  of  the  Pittsburg  Re- 
duction Company. 

This  tunnel  was  designed  by  Prof.  Forbes  and  has  been  fully 
described  by  him  in  his  paper  of  November,  1893.  He  proposed 
to  use  bare  copper  conductors  supported  upon  porcelain  insulators 
and  carrying  20,000  volts  for  both  local  and  long  distance  work, 
but  the  alternators  finally  adopted  being  wound  for  2,200  volts 
the  subway  has  never  been  used  as  originally  expected. 

Quite  apart  from  considerations  of  cost,  its  dimensions  are  too 
restricted,  in  my  opinion,  to  permit  satisfactory  working  with 
bare  conductors  at  any  such  potential  as  20,000  volts,  but  setting 
aside  the  question  of  practicability,  its  actual  cost  exceeds  by  not 
less  than  $50,000  a  mile  the  cost  of  a  pole  line  such  as  that 
erected  by  the  company  last  year.  At  the  present  time,  exclusive 
of  the  power  used  temporarily  for  lighting  the  Pan-American 
Exposition,  about  12,000  k.w.  are  delivered  in  Buffalo  at  time 
of  maximum  load.  The  cost  of  a  tunnel  from  the  power  house 
to  the  new  terminal  house  in  Buffalo,  a  distance  of  23  miles, 
would  exceed  the  cost  of  the  new  pole  line  by  not  le?s  than 
$1,200,000  and  the  increased  investment  required,  upon  the  basis 
of  present  business  in  Buffalo,  would  approximate  $100  per 
kilowatt  delivered  at  time  of  maximum  load.     On   the   basis  of 


Digitized  by  VjOOQIC 


aWl.]  SriLLWELL  ON  NIAGARA  FALLS  PLANT,  505 

^,000k.  w.  delivered,  the  difference  in  cost  of  tunnel  and  pole  line 
^onld  of  coarse  be  400  per  k.w.  delivered,  and  since  at  the  outstart 
~the  company  was  able  to  contract  only  for  some  3,000  k.  w.  in  Buf- 
falo, the  reason  why  the  directors  decided  to  use  overhead  construc- 
tion instead  of  a  subway  is  sufficiently  obvious.  It  is  to  be  noted  that 
the  commercial  feasibility  of  a  subway  for  electrical  conductors  de- 
pends primarily  upon  the  amount  of  power  transmitted.  Had  it  been 
possible  at  the  outstart  to  contract  for  the  sale  of  30,000  kilo- 
watts in  Buffalo,  a  subway  might  have  been  practicable,  but 
-even  then  to  allow  not  only  for  proper  spacing  of  the  cables,  but 
for  convenient  and  safe  inspection  and  maintenance,  it  should 
iiave  been  made  considerably  larger  in  section  than  was  the  case 
with  the  comparatively  short  length  actually  constructed  and  this 
-of  course  would  have  made  it  still  more  expensive.  For  local  dis- 
tribution, with  its  branch  lines  and  ramifications,  such  a  subway 
•construction  is  entirely  unsuitable.  In  1893  cables  that  could  be 
relied  upon  for  working  with  10,000  volts  potential  could  not 
be  procured  and  the  company's  decision  to  adopt  an  overhead 
-construction  for  transmitting  power  to  Buffalo  was  the  only  one 
justified  by  the  state  of  the  art.  Since  that  time,  manufac- 
turers of  cable  have  realized  great  improvement  in  quality  and 
effected  radical  reduction  in  cost  and  coincidently  with  these 
-changes  the  sale  of  power  in  Buffalo  has  steadily  increased.  It 
is  expected,  therefore,  that  the  day  will  come  when  underground 
•<»bles  will  be  employed  for  this  transmission. 

The  Local  Distributing  System, — With  the  details  of  the 
<arly  evolution  of  the  local  system  of  distribution  used  by  the 
•company  I  am  not  familiar.  In  March,  1897,  power  was  supplied 
to  local  tenants,  whose  works  for  the  most  part  were  located  u]x>n 
^he  land  of  tlie  Power  Company,  in  amounts  approximately  as 
iollows : 

The  Pittsburg  Redaction  Co 3,195  k.h.p. 

The  Carborundum  Co 1,000  ** 

Acetylene  Light,  Heat  and  Power  Co 1.000  ** 

Niagara  Electro-Chemical  Co 400  •* 

Buffalo  &  Niagara  Falls  Electric  Light  and  Power  Co.. . .  500  '* 

Buffalo  &  Niagara  Falls  Electric  Railway 800  *' 

Niagara  Falls  &  Suspension  Bridge  Railway  Co. 250  *' 

The  Niagara  Palls  Water  WorksCo 45  " 

Hygeia  Ice  and  Refrigerating  Co 40  " 

The  CaUract  Power  and  Conduit  Co 1,000  " 

The  power  used  by  the  railways  was  delivered  in  the  form  of 
<lirect  current  at  about  570  volts,  three  500  h.  p.  rotary  conver- 
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ters  with  step-dowu  transformers  having  been  installed  inside  the 
power  house  for  this  purpose.  With  this  exception,  the  entire- 
oatput  of  the  plant  was  conveyed  through  single-conductor 
cables  of  1,000,000  c.  m.  section  from  the  bus-bars  of  "  switch- 
board No.  1  "  through  the  subway  and  bridge  connecting  the 
power  house  with  the  transformer  house.  A  cross  section  of  the 
bridge  is  shown  in  Fig.  24. 

In  the  transformer  house,  those  cables  used  for  the  long  dis- 
tance service  were  connected  to  the  step-up  transformers  while 
beyond  the  transformer  house  power  was  conveyed  to  local  ten- 
ants through  single  conductor  lead, covered  cablcB,  the  majority 
of  which  were  of  the  section  above  mentioned. 

From  the  transformer  house  to  a  man-hole  near  the  works  of 
the  Pittsburg  Reduction  Company  the  cables  were  carried^ 
through  the  subway  tunnel,  to  which  I  have  referred. 

Iron  brackets  had  been  erected  on  each  side  of  the  tunnel 
at  intervals  of  live  feet  and  upon  these  a  majority  of  the  lead- 
covered  cables  were  supported,  although  some  of  them  had  been 
simply  drawn  into  the  tunnel  and  rested  upon  the  floor.  A  cross- 
section  of  the  tunnel  is  shown  in  Fig.  25. 

There  was  no  provision  in  the  way  of  conduits  for  the  cables- 
which  extended  from  the  nian-hole  at  the  end  of  the  tunnel  to- 
the  works  of  the  Mathieson  Alkali  Company,  the  Niagara  Elec- 
tro-Chemical Company  and  the  Niagara  Electric  Construction 
Company.  The  cables  leading  to  these  works  had  simply  beeii 
laid  upon  the  top  of  the  ground  and  extended  across  the  tietds  to- 
the  several  establishments  supplied  with  power. 

Naturally  these  cables,  although  not  extending  outside  the  limits- 
of  the  company's  property,  were  subjected  from  time  to  time  to 
mechanical  damage  by  reason  of  carelessness  and  malicious  mis- 
chief, and  the  local  service  was  considerably  interfered  with.  The 
work  of  reconstructing  and  extending  the  local  distributing  system 
was  therefore  taken  up  and  pushed  to  a  conclusion,  the  system  now 
used,  except  the  subway,  being  second  to  none.  As  evidence  of 
this,  it  may  be  mentioned  that  for  the  last  two  years  inter- 
ruptions of  the  local  service,  even  momentary  in  duration,  have 
been  extremely  rare.  A  brief  description  of  the  steps  taken  to- 
effect  this  result  may  be  interesting. 

Pending  the  completion  of  proper  conduits,  the  cables  beyond 
.the  end  of  the  tunnel  were  placed  temporarily  in  wood  boxes  for 
mechanical  protection,  and  following  this  tile  conduits  were  con- 
structed. 
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For  the  double  purpose  of  effecting  removal  from  these  boxe& 
of  the  cables  in  use  without  interruption  of  service  to  the  tenants- 
and  providing  an  alternative  set  of  cables  to  the  works  of  each 
tenant  to  be  promptly  substituted  for  the  usual  working  cables  in- 
case of  break-down,  the  company  put  down  four  1,000,000  c.  m. 
spare  cables,  making  connections  from  these  to  the  works  of  each 
of  the  tenant  companies,  who  could  be  reached  thus  without  pro- 
hibitive expense.  In  the  works  of  each  tenant  company  to  which 
this  relay  cable  was  extended,  four  two-way,  double-blade,  single- 
pole  switches,  suitably  mounted,  were  installed,  the  spare  cable 
being  connected  to  one  set  of  terminals,  while  the  cable  ordinarily 
used  by  the  tenant  was  connected  to  the  other  set  of  terminals. 
The  leads  from  these  switches  to  the  electrical  apparatus  of  the- 
tenant  company  were  connected  to  the  middle  points  of  the  two- 
way  switches. 

The  double-blade  switches  were  so  constructed  as  to  permit 
either  of  the  two  blades  to  be  independently  transferred  from  one 
contact  to  the  other,  thus  making  it  possible  to  supply  the  tenant 
from  the  cable  ordinarily  used,  from  the  spare  cable  or  from  both 
at  the  same  time.  This  arrangement  is  now  in  use,  and  is  very 
effective.  For  transfer  from  one  cable  to  the  other  in  time  of 
emergency,  and  for  testing  purposes  the  switches  are  most  useful. 

From  the  end  of  the  cable  tunnel,  a  36-duct  conduit  was  put 
down  extending  to  a  man-hole  on  Adams  Avenue,  immediately 
north  of  the  works  of  theMathieson  Alkali  Company.  The  section 
of  this  conduit  is  square,  the  three  inch  tile  ducts  being  laid  in  six 
horizontal  rows,  each  comprising  six  ducts.  It  is  laid  upon  four 
inches  of  concrete  and  protected  on  the  sides  by  two  inches  and 
on  the  top  by  about  three  inches  of  concrete. 

During  the  summer  of  1899  it  became  necessary  to  provide 
conduits  and  cables  to  connect  the  power-house  with  the  new 
works  of  the  [Tnion  Carbide  Company,  which  are  located  on  the 
land  of  the  Power  Company,  at  a  distance  of  about  2i  miles  from 
the  power-house,  and  it  was  decided  to  put  down  a  trunk  conduit 
having  a  number  of  ducts  sufficient  to  provide  not  only  for  the 
Carbide  Company,  including  its  contemplated  extensions,  but  also 
for  other  tenants  who  in  future  may  locate  in  the  same  vicinity^ 
For  the  Carbide  Company,  immediate  provision  was  to  be  made 
to  the  extent  of  15,000  u.  p.,  with  necessary  spare  cable. 

The  use  of  power  by  the  Carbide  Company,  and  by  tlie  ma- 
jority of  the  tenants  of   the  Power  Company,   does  not  vary 
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from  boar  to  hour  between  wide  limite,  as  is  a^ual  in  lighting 
or  railway  service,  but  remains  almost  constant.  This  fact,  in 
•connection  with  the  very  large  amount  of  power  for  which  pro- 
vision had  to  be  made,  led  to  careful  consideration  of  the  sub- 
ject of  heat  in  the  conduits  and  its  probable  effect  upon  the 
<^bles.  Prior  to  this,  my  attention  had  never  been  particularly 
<lirected  to  the  question  of  heat  in  conduits,  but  U]x>n  considera- 
tion it  was  at  once  obvious  that  the  usual  constraction  of  a  con- 
duit comprising  a  considerable  number  of  ducts  is  admirably 
•adapted  to  prevent  the  dissipation  of  heat  caused  by  the  currents 
traversing  the  cables. 

Failing  to  secure  from  the  manufacturers  of  cables  and  ducts 
any  definite  information  with  regard  to  the  relative  temperature 
of  different  ducts  in  a  conduit  as  affected  by  their  location  with 
reference  to  other  ducts  and  the  surrounding  earth,  an  experi^ 
mental  test  was  made  for  the  purpose  of  securing  light  upon 
the  subject.  The  result  of  this  test  demonstrates  the  great  im- 
portance of  taking  into  account  the  dissipation  of  heat  in  cases 
ivhere  cables  conveying  large  amounts  of  power  are  used.  I  quote 
from  a  memorandum  prepared  immediately  following  completion 
of  the  test : 

'^  Ij>sse8  in  Gables, — The  problem  of  dissipating  the  heat  of  the 
cables  demands  careful  consideration,  as  no  conduit  conveying 
25,000  H.p.  at  2200  volts  has  ever  been  put  down,  and  the  losses 
are  necessarily  considerable.  These  losses  are  of  two  kinds :  (1) 
Losses  due  to  resistance  of  the  copper  conductors  ;  (2)  Losses  due 
to  currents  induced  in  the  lead  sheaths. 

If  twelve  1,000,000  cm.  cables  be  used  to  convey  15,000 
H.  p.  by  two-phase  transmission  at  2200  volts,  the  current  through 
each  circuit  consisting  of  an  outgoing  and  return  cable  delivering 
2500  E.  H.  p.  (1865  K.w.)  is  848  amperee.  The  resistance  of  the 
cable  per  linear  foot  is  .00001035  ohms  at  68°  F.  The  loss  of 
energy  per  linear  foot  of  conductor  is  approximately  7  watts,  and 
when  a  considerable  number  of  such  cables  carrying  this  amount 
of  energy  continuously  for  twenty-four  hours  per  day,  are  placed 
in  tile  ducts  constituting  a  conduit  as  ordinarily  constructed,  i^  is 
•evident  that  the  problem  of  dissipation  of  the  heat  must  be  care- 
fully investigated. 

*'  With  regard  to  the  thermal  drop  between  the  copper  conduc- 
tor and  the  outer  surface  of  the  lead  sheath,  the  difference  of 
temperature  of  the  lead  sheath  and  surrounding  air,  in  order 
that  the  former  may  give  up  the  whole  or  part  of  its  heat  to  the 
latter,  the  thermal  drop  through  the  wall  of  the  duct,  the  effect 
•of  the  proximity  of  other  ducts,  the  thermal  drop  from  the  con- 
duit (which  is  surrounded  by  cement)  to  the  surrounding  earth, 
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the  heat  conduction  of  the  surrounding  earth — particularly  when 
very  dry — and  the  tendency  of  the  ducts  to  ventilate  themselves- 
where  opportunity  is  offered,  through  manholes,  we  have  been 
able  to  secure  no  satisfactory  data  from  manufacturers  of  cable  or 
others.  We  have,  therefore,  carried  out  a  somewhat  elaborate^ 
test,  using  24  ducts  of  our  36-duct  conduit,  between  two  man- 
holes about  140  feet  apart,  and  situated  in  the  vicinity  of  the 
Pittsburgh  Reduction  Co.'s  works.  Through  each  of  these  ducts,, 
a  No.  6  '*  drawing  in  "  wire  has  been  drawn,  and  these  wires  have 
been  connected  together  at  alternate  ends  in  such  a  way  as  to  put 
eight  wires  electrically  in  series,  the  24  wires  thus  constituting 
three  groups  of  eight  wires  each.  Through  these  wires  direct 
current  from  the  works  of  the  Pittsburgh  Reduction  Co.  has- 
been  conveyed  in  quantity  sufficient  to  cause  a  loss  of  energy 
of  from  5.5  to  6  watts  per  linear  foot.  The  test  has  been  con- 
tinued for  about  ten  days  and  nights,  and  during  this  time  hourly 
readings  have  been  taken  of  the  current  in  each  section,  the  volt- 
age across  each  section  and  the  voltage  across  each  two  adjacent 
wires  of  each  section.  The  ducts  comprising  each  of  the  three 
sections  have  been  so  chosen  that  all  ducts  of  one  section  were 
adjacent  to  the  earth  on  at  least  one  side,  four  ducts  of  another 
section  were  adjacent  to  the  earth  on  one  side,  while  the  other 
four  were  separated  from  the  earth  by  at  least  one  other  duct,  and 
the  eifijht  ducts  of  the  third  section  were  all  separated  from  the 
earth  by  at  least  one  other  duct. 

"  Readings  of  temperature  by  thermometer  were  taken  in  the- 
manholes  and  in  the  ends  of  the  various  ducts.  The  more  impor- 
tant and  accurate  determination  of  the  rise  of  temperature,  how- 
ever, was  made  at  intervals  by  stopping  the  flow  of  current 
through  the  conductor  and  taking  bridge  measurements  of  the- 
resistance  of  each  pair  of  conductors  after  allowing  an  interval  of 
from  ten  to  fifteen  minutes  to  elapse  in  order  that  the  wire  might 
assume  the  temperature  of  the  air  surrounding  it  in  the  ducts. 

'^  The  results  obtained  are  of  great  importance.  It  is  shown 
that  when  the  loss  per  duct  foot  equals  5.5  watts,  the  rise  of  tem- 
perature of  the  air  in  the  duct  above  the  temperature  of  the  earth 
surrounding  the  conduit  may  be  as  much  as  80°  0.  This  applies 
to  ducts  which  are  separated  on  all  sides  from  the  surrounding 
earth  by  at  least  one  other  duct.  The  rise  of  temperature  in  the 
case  of  duets  which  are  next  to  the  earth  on  one  side,  is  abont 
60^  C,  equals  108°  F. 

If  we  assume  that  the  temperature  of  the  earth  surrounding 
the  conduit  may  in  the  summer  rise  to  70°  F.,  it  follows  that 
the  temperature  of  the  air  in  the  inner  ducts  may  go  as  high  as 
214°^  F.,  while  the  temperature  of  the  air  in  the  outside  ducta 
would  be  178°  F,  under  the  same  conditions. 

Ooincidently  with  our  test,  Mr.  Henry  W.  Fisher,  Electrician 
of  the  Standard  Underground  Cable  Co.,  of  Pittsburg,  at  our 
BUggestion,    has    been    making    tests    to  determine    the   ther- 
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raal  drop  between  the  copper  and  the  lead  eheatk  of  a 
•cable,  insulated  with  -fj'  paper  inealation,  and  the  thermal 
-drop  between  the  outer  surface  of  the  lead  sheath  and  the  sur- 
rounding air.  Frotn  Mr.  Fishers's  tests,  it  seems  safe  to  assume 
that  the  rise  of  the  temperature  of  the  copper  conductor  above 
the  surroundinj^  air  in  the  duct,  will  not  exceed  40*-*  F. 

Now,  if  to  convey  15,000  h.  p.,  twenty-four  600,000  c.  m. 
•cables  are  used,  we  find  by  calculatiou  that  when  the  temperature  of 
the  ground  surrounding  the  conduit  is  70^  F.,  the  temperature 
of  the  copper  conductor  will  approximate  215®  F. 

This  temperature  is  excessive.  It  may  be  reduced  (a)  by 
ventilation ;  (b)  by  increasing  the  size  of  the  conductors. 
If  we  make  the  size  of  each  conductor  600,000  e.  m.  we  have  the 
following  results : 

Lfoss  per  duct  foot 8.676  watts. 

Rise  of  air  in  duct 94'  F. 

Rise  of  copper  conductor  above  air  in  duct 81^  P. 

Maximum  temperature  of  copper  conductor 195°  F. 

Total  loss  in  cables  —  24  x  11,500  z  8.675  watts  — 1,014  x.  w. 

Considering  these  results  simply  with  regard  to  the  life  of  the 
<»ibles  as  affected  by  the  temperature  attained,  it  is  evident  that 
the  temperature  is  too  high  for  rubber  insulated  cables  and  prob- 
ably quite  as  high  as  can  be  permitted  wisely  if  paper  insulated 
eables  be  used.  As  an  alternative  to  the  use  of  single  conductor 
•cables,  the  use  of  three-conductor  cables  working  at  10,000  volts 
and  supplied  through  step-up  transformers  was  considered  and 
finally  adopted." 

Referring  to  this  plan,  I  again  quote  from  my  memorandum  : 

''Plan  B.  lOfiOO -Volt  Transmission,  Three- Condttcior 
€ahUs  and  Svh-Station. — In  considering  this  plan,  the  size  of 
the  cables  (three-conductor  Olover-Leaf  type)  must  be  first  deter- 
mined. 

Total  current  per  phase  =  .58  X  ^^^^^^^^  =  612  amperes. 
^     ^  10,600  ^ 

Using  six  three-conductor  cables,  the  current  per  conductor  = 
612  -^  6  =  102  amperes. 

At  a  temperature  of  150®  F.,  using  No.  000  conductors,  the  loss 
per  conductor  per  foot  =  102^  X  .000075  =  .78  watte. 

The  loss  per  cable  per  foot  =  3  X   78  =  2.34  watte. 

The  total   loss  in   cables  =  6  X  11,500  X  2.34  watts  =  161 

K.  W. 

The  above  is  based  upon  triple  conductor  cables,  each  conductor 
having  a  section  of  167,800  c.  m.  The  loss  per  duct  foot  (with 
this  type  of  cable  there  is  no  danger  of  additional  loss  in  lead)  is 
very  moderate,  and  the  maximum  temperature  will  be  well  within 
safe  limits.  As  regards  limitations  due  to  heat,  therefore  (and 
also  as  regards  the  application  of  Kelvin's  law  of  economy),  it 
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urould  be  pofiBible  to  U6e  coDdactors  of  a  somewhat  Bmaller  sec- 
tion." 

Where  the  sewers  are  at  snfficient  depth  to  drain  the  ducts  the 
section  adopted  is  that  shown  in  Fig.  17.  At  other  points  the 
sections  shown  in  Fig.  18  and  Fi^.  19  are  used.  The  former  is 
•decidedly  preferable  as  regards  arrangement  of  cables  in  the  man- 
holes, since  with  it  the  natural  arrangement  is  to  carry  them 
in  pairs  on  brackets  on  opposite  sides,  and  for  large  cables  two 
upon  a  bracket  are  much  more  conveniently  handled  than  a 
larger  number. 

It  will  be  noted  that  no  duct  in  the  conduit,  as  illustrated  in 
Figs.  17,  18  and  19,  is  separated  from  the  surrounding  earth  by 
more  than  one  other  duct.  Figs.  20,  21,  22  and  23  illustrate  the 
tnanhole  construction  adopted. 

Bearing  of  the  decision  to  use  10,000  volts  for  heal  distribu- 
tion to  distances  exceeding  two  miles  upon  question  of  potential 
originail/y  chosen  for  the  alternators. — The  decision  to  use  10,000 
volts  for  local  distribution  at  distances  exceeding  two  miles  from 
the  power-house  is  in  no  way  inconsistent  with  the  decision 
reached  in  1893  to  wind  the  alternators  for  2,200  volts.  The 
alternator  potential  was  chosen  with  reference,  primarily,  to  the 
expected  large  use  of  induction  motors  without  the  interposition 
of  step-down  transformers.  In  a  letter  addressed  to  the  Cataract 
Construction  Company,  September  30,  1893,  I  said : 

"  In  the  plan  which  we  presented  to  your  company  in  February 
last,  we  recommended  a  potential  of  800  volts.  The  limit,  under 
the  assumptions  which  we  then  made  as  to  the  use  of  a  large  pro- 
portion of  small  motors,  was  selected  because  we  believed  it  to  be 
as  high  a  potential  as  could  safely  be  delivered  to  the  armatures 
of  motors  without  the  interposition  of  step-down  transformers. 
As  we  are  now  informed,  it  appears  probable  that  the  proportion 
of  motors  of  less  than  25  h.  p.  output  will  be  very  considerably 
less  than  we  then  supposed  it  would  be  and  we  are  now,  therefore, 
prepared  to  recommend  a  potential  of  2,000  volts  at  the  motors, 
believing  that  this  can  safely  and  conveniently  be  managed." 

In  my  memoir  of  February  6,  1893,  upon  this  point,  the  lan- 
guage used  was  as  follows — referring  to  800  volts : 

"  This  potential  is  well  adapted  to  a  large  part  of  your  work  in 
Cataract  City.  At  a  certain  distance  from  the  generating  station, 
depending  upon  the  cost  of  apparatus,  cost  of  distributing  cir- 
cuits and  the  loss  in  these  circuits,  transmission  direct  from 
generators  at  800  volts  will  become  more  expensive  than  trans- 
mission by  raising  and  reducing  transformers  in  connection  with 
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circuits  carrying  higher  potential  at  this  distance  which  until  the- 
cost  of  apparatus  can  be  settled  cannot  be  accurately  determined  ;, 
we  should  begin  to  use  raising  and  reducing  transformers  in  con- 
nection with  a  high  ]x>tential  in  transmission  circuits." 

My  object  in  introducing  these  quotations  from  the  record  is^ 
to  anticipate  and  meet  the  opinion  which  I  have  no  doubt  will  be 
held  by  certain  theoretical. engineers  experienced  in  the  art  of 
constructing  large  power  plants  on  paper  to  the  effect  that  we- 
erred  in  originally  winding  the  alternators  for  2,000  volts  instead 
of  10,000  volts. 

Transmissiofi  to  Bujfalo^  Tonawanda  and  Lockport. — 
For  transmission  to  Buffalo,  as  I  have  above  pointed  out,  the 
subway,  or  tunnel  construction  originally  suggested  by  the  Inter- 
national  Commission  was  deemed  impracticable,  and  the  company 
ultimately  decided  to  erect  overhead  lines  for  transmitting  power 
to  that  city  and  to  other  distant  places. 

The  first  pole  line  was  constructed  by  Messrs.  J.  G.  White  and 
Company,  and  has  been  fully  described  by  Mr.  White  in  a  paper 
read  before  the  National  Electric  Light  Association  in  June,  1897. 
The  poles  are  of  Canada  white  cedar,  cut  with  sap  in  and  squared 
at  both  ends.  They  vary  in  length  from  35  to  55  feet,  the  longer 
poles  being  used  at  points  where  the  line  crosses  railway  tracks  or 
public  roads.  They  are  set  in  the  ground  to  depths  varying  from 
6  to  8  feet,  the  depth  of  netting  depending  upon  the  length  of 
the  pole.  The  cross  arms  are  of  selected  long  leaf  Georgia  pine. 
They  are  12  feet  long  and  4  in.  x  6  in.  in  section.  The  poles  are 
spaced  about  70  feet  apart  except  on  moderate  curves,  where  they 
are  somewhat  closer.  In  crossing  streams  and  where  the  curves- 
in  the  line  are  at  all  sharp,  braced  structures,  consisting  of  two- 
poles  set  about  22  feet  apart  and  carrying  instead  of  cross  arms  a. 
horizontal  cross  piece  of  heavy  timber,  4  in.  x  14  in.  are  sub 
etituted. 

This  pole  line  was  designed  to  carry  12  conductors  of  SSO.OOO' 
cm.  section.  Only  six  of  these  conductors,  constituting  two- 
three-phase  circuits,  have  been  erected,  and  the  three  couductors- 
of  each  of  these  two  circuits  were  originally  placed  side  by  side 
on  the  upper  cross  arm.  This  of  course  located  the  three  conduc- 
tors of  a  circuit  on  the  same  horizontal  plane.  The  distance 
between  the  central  conductor  and  each  of  the  two  other  con- 
ductors was  18  inches.  The  conductors  of  each  circuit  are 
spiralled  in  six  sections  to  avoid  unbalancing  of  potential  due  to- 
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self-induction.  As  a  protection  against  lightning,  a  barbed  iron 
wire  of  the  kind  extensively  used  for  fencing  cattle  ranges  in  the 
West  was  carried  upon  an  iron  pin  near  each  end  of  the  upper 
cross  arm,  this  wire  being  grounded  at  every  fifth  pole. 

Porcelain  insulators  of  two  types,  designated,  respectively,  the 
Niagara  type  and  Type  "  0  "  were  used.  The  pins  are  of  locust 
A  section  of  the  Type  "  C  "  insulator  and  pin  is  shown  at  the  right 
in  Fig.  26.  The  conductors  are  copper,  having  19  strands,  and  weigh 
a  little  more  than  one  pound  per  linear  foot.  Every  insulator  used 
was  subjected  to  a  puncture  test  of  40,000  volts,  alternating,  before 
it  was  put  in  place.    The  method  of  test  is  as  follows  :  The  insula- 


Fig.  24. 

tors  are  inverted  and  set  in  a  hollow  iron  pan  which  is  filled  with 
salt  water  to  a  depth  of  two  inches.  A  small  quantity  of  the  salt 
water  is  poured  into  the  pin  hole  of  each  insulator  and  a  small 
metallic  rod  is  placed  vertically  in  the  pin  hole  where  it  of  course 
makes  good  contact  with  the  brine.  One  pole  of  the  alternating 
potential  is  connected  to  the  metal  rod,  while  the  other  is  con- 
nected to  the  pan.  Any  weakness  of  the  insulator  is  quickly 
manifested  by  a  series  of  sparks  usually  followed  by  a  breakdown 
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of  the  insulator  and  blowing  of  the  fine  wire  fuse  included  in  the 
testing  circuit. 

In  service  the  guard  wires  caused  trouble  by  breaking  and  fall- 
ing upon  the  charged  conductors,  thereby  grounding  and  in  some 
instances  short-circuiting  the  latter.  While  neither  snow  nor 
sleet  has  has  ever  been  observed  to  adhere  to  the  charged  con- 
ductors, the  guard  wires  of  course  became  heavily  loaded  with  ice, 
and  as  they  were  not  sufficiently  strong  were  frequently  broken 
by  weight  of  ice  and  by  wind  pressure.  Whether  they  were  of 
any  practical  value  in  mitigating  the  effects'  of  lightning  is  an 
open  question.  I  am  of  the  opinion  that  they  were  probably  of 
some  benefit  in  that  direction,  but  the  interference  with  continuity 
of  service  which  resulted  from  them  was  intolerable  and  they 
were  therefore  removed  during  the  summer  of  1898.  Obviously, 
if  guard  wires  are  used  either  for  protection  against  lightning  or 
to  prevent  other  wires  falling  across  a  power  circuit,  they  should 
be  of  ample  mechanical  strength  to  withstand  all  strains  to  which 
they  are  liable  to  be  subjected. 

Experience  also  demonstrated  that  it  was  a  mistake  to  place  the 
three  conductors  constituting  a  circuit  on  the  same  horizontal 
plane  and  only  18  inches  apart  as  shown  at  the  left  in 
Fig.  27.  I  may  be  excused  for  disclaiming  responsibility 
for  this  arrangement  in  view  of  the  fact  that  in  1894, 
acting  as  Electrical  Engineer  of  the  Westinghouse  Company, 
I  submitted  to  the  Cataract  Construction  Company  elaborate 
plans  and  specifications  for  a  transmission  line  in  which  the  tliree 
conductors  constituting  a  circuit  were  triangled,  the  sides  of  the 
equilateral  triangle  being  36  inches.  These  plans  were  rejected 
in  favor  of  others  and  the  arrangement  actually  adopted  by  the 
-company  proved  very  tempting  to  mischievous  or  malicious  boys 
who  repeatedly  short-circuited  the  line  by  throwing  across  it  short 
pieces  of  wire  which  they  succeeded  in  lodging  across  two  or 
more  of  the  conductors.  The  resulting  short-circuit  continued  to 
blaze  along  the  line  until  the  power  was  cut  off  at  the  Falls.  The 
arc  always  traveled  away  from  the  power  house.  This,  I  pre- 
sume, was  due  to  the  fact  that  when  the  short-circuit  occurred 
the  conductors  affected  between  the  power  house  and  the  point 
where  the  short-circuiting  wire  lay  across  the  line,  repelled  each 
other  and  very  possibly,  owing  to  the  natural  swing  of  the  con- 
ductors, were  brought  more  closely  together  than  usual  in  that  part 
of  the  span  which  lay  beyond  the  short-circuiting  wire.     The  arc 
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caused  by  the  short-circuit  was  one  of  great  intensity  and  at  night 
the  light  was  some  times  seen  at  distances  exceeding  half  a  mile. 
The  conductors  were  afterward  found  to  be  considerably  fused 
and  in  places  little  beads  of  copper  projected  from  the  strands. 
On  one  or  two  occasions,  in  trying  to  maintain  the  service  and  in 
the  hope  that  the  arc  would  clear  itself,  power  was  kept  on  the 
lines  for  some  20  seconds,  but  on  these  occasions  one  or  more 
of  the  conductors  was  completely  severed.  The  trouble  was 
finally  cured  by  triangling  the  wires,  bringing  them  into  the  posi- 
tion shown  at  the  right  of  the  pole  in  Fig.  27.  You  will  note  that 
in  this  method  of  triangling,  two  of  the  conductors  are  carried  on 
the  upper  cross  arm  while  the  third  is  carried  on  the  lower  cross 
arm.  This  arrangement  is  preferable  to  the  more  usual  plan  of 
carrying  two  conductors  on  the  lower  and  one  on  the  upper  cross 
arm,  since  it  is  much  more  difficult  for  a  mischief-maker  to  lodge 
a  wire  or  stick  in  contact  with  two  conductors. 

The  first  pole  line  originally  extended  to  a  small  terminal  house 
located  on  the  banks  of  the  canal,  near  Albany  street,  in  Buffalo, 
a  point  about  two  miles  inside  the  city  limits.  In  this  terminal 
house  the  overhead  circuits  were  connected  to  the  cables  used  to 
convey  currents  to  the  various  sub-stations  in  Buffalo, the  apparatus 
in  the  terminal  house  comprising  only  lightning  arresters  and 
single-blade  switches  for  changing  connections  of  overhead  and 
underground  lines.  These  switches  were  not  designed  to  open 
the  circuits  when  power  was  being  delivered,  but  were  intended 
simply  to  facilitate  changes  in  case  of  accidents  causing  interrup- 
tions of  the  service. 

In  the  year  1900  a  new  terminal  house  about  two  miles  farther 
down  the  river  than  the  old  one  was  erected,  and  the  construction 
of  a  second  pole  line  from  Niagara  was  undertaken.  The  cable 
system  in  Buffalo  was  extended  to  the  new  terminal  house,  and 
the  first  two  power  circuits,  designated,  respectively,  No.  1  'and 
No.  2,  which  were  carried  upon  the  old  pole  line,  were  connected 
to  the  underground  system  at  this  point.  It  was  decided  to 
increase  the  potential  on  the  overhead  transmission  lines  from 
11,000  to  22,000  volts,  and  as  it  was  deemed  impracticable  to  use 
22,000  volts  in  the  underground  cables  and  at  the  same  time  was 
considered  desirable  to  secure  electrical  separation  of  the  overhead 
and  underground  circuits,  step-down  transformers  having  a  ratio 
of  22,000  to  11,000  volts  were  installed  in  the  terminal  house. 
Switching  devices  providing  for  connection  and  disconnection  of 
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the  overhead  transmiseion  circuits  and  of  the  nndergrOond  cable 
circoits,  together  with  an  elaborate  outfit  of  apparatus  intended  to 
protect  the  transformers  against  the  effects  of  lightning,  were 
installed. 

The  New  Pole  Line. 

The  new  pole  line  differs  radically  from  the  old  one.  Froin 
Niagara  to  Tonawanda  the  length  of  span  is  doubled — that  is  to 
say,  the  average  span  in  the  new  line  is  about  140  feet  as  against 
an  average  of  70  feet  in  the  old  line,  these  averages  in  both  cases 
applying  to  tangents  and  not  to  the  curved  portions  of  the 
respective  lines.  The  poles  are  similar  to  those  used  in  line  No.  1, 
but  every  third  pole  is  substantially  guyed.     The  unusually  close 


Fig.  res. 

•pacing  of  poles  in  the  old  line  is  explained  by  the  fact  that  it  was 
assumed  that  during  sleet  storms  ice  might  cover  the  conductors 
to  a  radial  depth  of  half  an  inch,  which,  if  it  did  actually  occur, 
would  of  course  greatly  increase  the  pressure,  tending  to  over- 
throw the  line  during  wind  storms,  which  upon  the  Niagara 
frontier  are  often  very  severe.  But  experience  during  a  number  of 
winters  has  demonstrated  the  fact  that  ice  never  adheres  to  the 
power  circuits  while  they  are  traversed  by  the  working  currents. 
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This  result  is  dne  in  part  presnmably  to  the  heating  efiEect  of  the 
current  and  in  part  perhaps  to  static  repulsion.  It  is  certain  that 
dry  snow  is  statically  repelled  by  the  charged  conductors,  and  I 
think  it  probable  that  this  effect  also  helps  in  the  case  of  sleety 
rain.  In  the  case  of  the  new  line,  calculations  of  the  effect  of 
wind  pressure  were  based  upon  the  projected  area  of  poles, 
cross  arms  and  conductors,  but  with  no  allowance  for  a  covering 
of  ice.  Experience  had  shown  that  mechanically  the  weak 
point  in  the  construction  of  the  old  line  was  the  junction 
of  pin  and  insulator,  and  for  the  new  line  a  new  pin  and  new 
insulator  were   specially   designed.     Cross  sections  of  the  old 


Pig.  Vt. 

and  new  types  are  shown  in  Fig.  26.  The  old  pin  at  the 
top  is  but  y  in  diameter,  while  the  new  one  is  1^".  On 
the  old  pin  but  six  threads  engage  with  the  threads  in  the 
pin  hole  of  the  insulator  while  in  the  new  one  nine  threads  are 
used.  It  is  a  singular  fact  that  almost  every  power  circuit 
hitherto  erected  in  the  United  States  has  used  an  insulator  pin  of 
the  same  diameter  at  the  top  as  the  standard  Western  Union  pin 
which  was  designed  for  a  very  different  kind  of  service.  With- 
out going  further  into  detail,  it  is  sufficient  to  say  that  notwith- 
standing the  fact  that  the  length  of  span  is  doubled,  the  insulators 
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of  the  new  line  are  relatively  much  more  seourely  fixed  upon 
their  pins  than  are  those  of  the  old  line. 

Teste  were  made  to  determine  the  horizontal  strain  which 
would  break  pin  or  insulator  or  both  if  exerted  at  the  top  of  the 
insulator,  i.  e.,  at  the  point  where  the  pin  rests  upon  the  insulator. 
It  was  found  that  a  pin  will  break  at  the  point  where  it  enters 
the  cross  arm  under  a  pressure  of  about  2,100  lbs.,  which  is  about 
six  times  the  calculated  maximum  pressure  to  which  it  will  be 
subjected  in  service.  The  shoulder  of  the  insulator  will  break 
under  a  horizontal  strain  of  about  1,300  lbs.  in  service.  The 
maximum  strain  upon  the  shoulder  due  to  wind  pressure  against 
the  conductor  is  probably  never  exerted  at  an  angle  of  more  than 
45  degrees  from  the  vertical,  and  against  a  pressure  in  this  direc- 
tion  the  strength  of  the  insulator  saddle  is  much  greater  than 
against  a  horizontal  pressure  such  as  that  used  in  the  test.  The 
insulators,  as  regards  quality  of  the  porcelain,  show  a  very  marked 
improvement  as  compared  with  the  best  that  could  be  obtained 
in  this  country  a  few  years  ago.  Before  being  placed  in  posi- 
tion, each  was  tested  in  a  manner  similar  to  that  which  I 
have  described  for  the  insulators  used  on  the  old  line,  except 
that  the  new  insulators,  which  have  been  designated  Type  E, 
were  subjected  to  60,000  volts,  alternating.  Under  this  very 
high  potential,  only  about  3%  of  those  furnished  by  the  manufac- 
turer proved  to  be  defective.  Of  the  last  lot  of  over  400  not  one 
failed  under  the  test. 

Aluminium  conductors  are  used  for  the  new  line.  The  old  and 
new  pole  lines  follow  the  same  route  from  the  power-house  to  a 
point  a  short  distance  beyond  Tonav^anda  where  they  diverge, 
the  new  line,  from  the  point  named  to  the  terminal  house,  which 
is  located  just  inside  the  city  line  at  Buffalo,  being  approxi- 
mately three  miles  shorter  than  the  old  lines.  Taking  into  ac- 
count the  difference  of  the  length  of  the  line  and  in  specific 
conductivity  of  copper  and  aluminium,  the  equivalent  section  of 
conductor  for  the  new  line  works  out  about  497,000  cm.  The 
manufacturer  guaranteed  the  conductivity  of  the  aluminium  con- 
ductor to  be  not  less  than  61%  by  Matthiessen's  standard.  The 
impedance  of  each  circuit  was  calculated,  and  a  section  of  500,- 
000  cm.  adopted  for  the  aluminium  conductor,  which  is  of  course 
a  stranded  cable.  The  line  has  been  in  use  since  April  1,  1901, 
and  when  operating  in  parallel  with  one  of  the  old  lines,  the  load 
is  so  equally  divided  that  no  difference  can  be  detected  by  read- 
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]ng8  of  the  indicating  wattnneters  used.  Where  the  alnininium 
conductor  passes  through  that  part  of  the  company's  territory 
where  large  ciiemical  industries  are  established,  it  is  protected  by 
a  braided  cover  treated  with  asphalt  an).  The  principal  reason 
for  choosing  alamininm  instead  of  copper  was  its  less  cost,  the 
aluminium  Hneat  the  time  when  it  was  ordered  costing  about  12^ 
less  than  an  equivalent  copper  line. 

In  commercial  use  the  line  thus  far  has  been  eminently  success- 
ful, not  a  single  instance  of  an  insulator  breaking  down  in  ser- 
vice having  occurred. 

The  guaranteed  maximum  resistance  of  the  conductor  is  .03472 
per  thousand  feet  and  the  minimum  tensile  strength  is  23,000  lbs. 
per  square  inch,  with  average  tensile  strength  of  25,000  lbs.  per 
square  inch.  13y  calculation,  with  temperature  of  wire  20®  F. 
below  zero,  the  maximum  strain  upon  the  wire  will  be  slightly 
more  than  half  the  minimum  tensile  strength.  In  erecting  the 
line  the  sag  was  adjusted  with  reference  to  temperature  of  the 
air  at  the  time  of  erection  in  accordance  with  a  table  based  upon 
data  set  forth  in  the  valuable  paper  upon  ^'  The  Use  of  Aluminium 
Line  Wire  and  Some  Constants  for  Transmission  Lines,"  by  F. 
A.  0.  Perrine  and  F.  G.  Baum,  read  before  this  Institute  May 
18,  1900. 

The  joints  are  spliced  and  wrapped,  but  are  not  soldered.  An 
interesting  difference  in  the  behavior  of  the  old  and  new  lines 
when  the  wind  is  blowing  at  high  velocity  has  been  observed. 
At  such  times,  the  tightly  strung  copper  conductors  of  the  old 
line  swing  or  vibrate  irregularly,  bi^t  on  the  whole  rapidly,  and 
the  strain  caused  by  this  vibration  is  transmitted  to  the  insulators, 
pins,  cross  arms  and  poles  in  such  a  manner  that  the  trembling  of 
the  pole  may  be  detected  by  placing  the  hand  against  it  at  a  point 
near  the  ground.  Under  similar  circumstances,  the  aluminium 
conductors  tend  to  assume  a  fixed  position,  which  is  sometimes 
apparently  as  much  as  45  degrees  from  the  vertical  plane  in 
which  they  hang  when  the  air  is  quiet.  There  is  practically  no 
vibration  perceptible  at  the  pole.  The  elimination  of  vibrating 
strains  upon  insulator  and  pin  is  gratifying,  as  in  the  old  line  the 
tendency  of  insulators  to  work  loose  from  their  pins  has  been 
noticeable  and  I  have  no  doubt  that  it  has  been  caused  by  the 
vibration  of  the  conductors  during  heavy  wind  storms.  In 
connection  with  the  construction  of  the  new  line  the  high  poten- 
tial connections  of  the  step-up  transformer  house   were  radically 
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ohanged  by  all  these  connections  being  brought  up  from  an  air 
chamber  beneath  the  transformers,  in  which  they  had  been  placed 
originally,  and  supported  upon  "  Type  C  "  insulators  carried  by 
a  frame  work  of  hard  wood  and  angle  iron,  as  illustrated  in 
Fig.  28. 
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Prenent  Output  of  the  Plant, — In  Fig.  29  the  load  curve  for 
local  service  and  for  longdistance  service,  as  compiled  from  half 
hourly  wattmeter  readings  for  the  twenty-four  hours  ending  at 
midnight  July  20,  1901,  is  shown.  The  local  load  varies  between 
14,200  K.  w.  and  15,700  k.  w.  This  remarkable  uniformity  of 
output  18  explained  by  the  fact  that  nearly  all  of  the  power  used 
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locally  is  delivered  to  manufacturing  companies  whose  processes 
are  continnons  and  whose  use  of  power  is  practically  constant. 
The  long  distance  load  varies  from  a  minimum  of  3,300  to  a 
maximum  of  15,600  k.  w.  Of  this  maximum,  probably  90^  is 
used  for  railway  and  lighting  purposes. 

Xr.  The  Electrical  Equipment  of  the  Terminal  House. 

Power  from  Niagara  is  delivered  to  the  terminal  house  at 
present  by  three  overhead  circuits,  each  of  which  is  calculated  to 
deliver  the  output  of  two  alternators  at  the  Falls,  less  the  losses 
in  step-up  transformers  and  in  the  transmitting  conductors.  Two 
of  the  transmitting  circuits  are  therefore  ample  for  the  present 
use  of  power  in  Buffalo,  which  does  not  exceed  14,000  k.  w., 
except  for  about  two  hours  in  the  evening,  when  it  rises  to  nearly 
16,000  K.  w.   The  loss  in  step-up  transformers  is  slightly  less  than 


I 

. 

■^ 

1 

1 

/ 

1 
\       1 

/ 

V' 

>  ^ 

1 

-N^ 

^ 

-^ 

/ 

• 

'v^ 

1 

/ 

- 

\- 

-^ 

—] 

-^ 

"^ 

■1 

--I 

\ 

/ 

x..^ 

\ 

\ '" 

. 

L^ 

— 

^ 

■^ 

-- 

s^ 

. 

^ 

'^ 

— 

— 

—j 

•^ 

— 1 

3 

t 

1 

\ 

1 

1 

t 

\. 

^ 

V 

/ 

. 

-— 

"^ 

[^ 

^ 

■ , 



^ 

>^ 

y 

^ 

..— 

/ 

y 

V 

i 

/ 

V 

-J 

1  --nrrAi.  uvso. 





_ 

_ 

_ 

_ 

_ 

_ 

__ 

_ 

_ 

_ 

_ 

_ 

a 

I.ON 

«  Ol 

ITAH< 

»L0 

*A. 

JULY     ■»«  ■•«•  • 


Fio.  29. 

2^,  and  the  loss  in  the  transmitting  circuits,  when  two  of  them 
are  used  to  deliver  the  combined  output  of  four  alternators 
working  under  full  rated  load,  is  about  6^.  If  four  alternators  at 
Niagara  deliver  to  the  step-up  transformers  their  full  rated  out- 
put, viz.,  14,920  K.  w.,  any  two  of  the  transmitting  circuits  oper- 
ated in  parallel  will  deliver  to  the  step-down  transformers  at  the 
terminal  house  about  13,750  k.  w.  Of  this  amount  the  step-down 
transformers  will  deliver  to  cables  which  convey  power  to  the 
various  sub-stations  in  Buffalo  not  less  than  13,500  k.w.  The  net 
calculated  efficiency  of  the  transmission,  including  losses  in  step- 
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up  traDsformers,  tranemitting  circuits  and  step-down  transformers, 
when  two  circuits  are  in  use  under  rated  load,  is  therefore  a  little 
above  90^.  About  three  weeks  ago  I  had  the  pleasure  of  calling 
the  attention  of  the  President  of  the  Cataract  Construction  Com- 
pany to  a  copy  of  a  letter  addressed  to  him,  under  date  of  January 
7,  1893,  in  which,  in  reply  to  an  inquiry,  I  had  made  a  statement 
of  the  efficiency  that  could  be  guaranteed  for  transmission  from 
Niagara  to  Buffalo,  and  of  showing  him  at  the  same  time  a  letter 
from  Mr.  Philip  P.  Barton,  Superintendent  of  the  Niagara  Falls 
Power  Company,  dated  July  15,  1901,  giving  comparative  watt- 
meter readings  at  Niagara  and  Buffalo  during  June  of  the  present 
year.  The  efficiency  promised  in  1893  under  conditions  of  line 
loss  equivalent  to  those  which  actually  obtained  in  operation  dur- 
ing June  last  was  88^.  Mr.  Barton's  letter  states:  "We  have 
been  receiving  daily  readings  of  the  meters  at  the  terminal  house 
since  June  Ist.  I  am  therefore  able  to  give  you  a  comparison  of 
the  total  kilowatt  hours  delivered  from  our  bus-bars  with  the 
kilowatts  delivered  from  the  secondaries  of  the  step-down  trans- 
formers at  the  distant  terminals  of  the  line  for  the  month  of 
June.  This  is  taken  from  actual  meter  I'eadings,  except  for  the 
case  of  our  Lockport  tenants,  in  whose  plants  no  integrating  watt- 
meters are  installed.  The  number  of  kilowatt  hours  received  by 
these  tenants  has  been  carefully  estimated  from  our  knowledge  of 
their  average  loads.  The  total  number  of  kilowatt  hours  delivered 
from  our  bus-bars  to  our  long-distance  transmission  circuits  as 
shown  by  our  feeder  meters  for  the  month  of  June  is  6,504,000. 
The  total  number  of  kilowatt  hours  delivered  from  the  secondary 
transformers  in  the  terminal  house,  in  the  Tonawanda  sub-station 
and  in  the  plants  of  our  Lockport  tenants,  as  shown  by  actual 
meter  readings  in  every  case,  excepting  those  of  the  Lockport 
tenants,  is  5,840,100,  thus  showing  a  net  transmission  efficiency  of 
88.4^."  During  the  month  of  June  the  transmitted  load  was 
carried  sometimes  upon  one  circuit  and  sometimes  upon  two  cir- 
cuits. I  have  calculated  the  losses  in  the  lines  and  find  that  they 
averaged  6.5^.  Of  course  commercial  meters  cannot  be  depended 
upon  for  closely  accurate  reading,  but  in  this  case  the  readings  at 
Niagara  were  made  by  10  meters  and  at  the  distant  terminals  of 
the  line  by  12  meters.  It  may  therefore  be  assumed  that  errors 
are  averaged,  and  that  the  result  is  probably  accurate  within  1%. 
By  calculation,  with  6.5^  line  loss,  the  net  efficiency  of  step-up 
transformers,  line  and  step-down  transformers  should  be  89.5^ 
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Calculated  reeults  now  show  higher  eflSciency  than  those  made  in 
1893,  simply  because  the  actual  efficiency  of  the  transformers  is 
higher  than  that  assumed  at  the  time  named.  The  very  close  agree- 
ment of  calculated  and  measured  efficiency  will  not  be  surprising 
to  members  of  this  Institute,  but  may  be  useful  In  answering  the 
question  often  asked,  whether  results  based  upon  electrical 
calculations  are  realized  in  practice. 

The  power,  which  is  delivered  by  overhead  lines  to  the  termi- 
nal house  of  22,000  volts,  is  reduced  in  potential  and  delivered 
to  underground  cables  at  11,000  voU^  by  two  groups  of  trans- 
formers connected  in  delta.  The  rated  output  of  each  transformer 
is  2,250  kilowatts  and  three  transformers  are  therefore  capable 
of  transforming  the  full  amount  of  energy  which  two  alternators 
and  eight  step-up  transformers  at  the  Falls  and  one  transmission 
circuit  can  deliver  to  the  terminal  house.  In  operation,  all  of 
the  alternators  used  to  supply  Buffalo  service  are  operated  in 
parallel  as  are  also  the  transmission  circuits  used  and  the  two  groups 
of  step-down  transformers,  but  in  planning  the  general  features 
of  the  terminal  house  installation  the  possibility  of  ultimately 
operating  two  or  three  more  electrically  separated  sets  of  alter- 
nators, lines  and  transformers  was  kept  in  mind  and  the  trans- 
former unit  was  therefore  so  selected  that  a  group  of  three 
correspond  in  output  to  one  transmission  circuit.  In  approximate 
figures  7,500  kilowatts  (10,000  h.  p.  delivered  in  Buffalo  call 
for  two  alternators,  eight  step-up  transformers,  one  transmission 
circuit  and  three  step-down  transformers. 

To  light  a  city  of  nearly  500,000  inhabitants,  to  supply  power 
for  the  entire  street  railway  service  of  that  city,  to  deliver  an 
aggregate  of  many  thousands  of  horse  power  used  for  a  very  great 
variety  of  purposes  and  at  points  scattered  throughout  a  terri- 
tory some  eight  miles  long  and  four  miles  wide,  to  do  all  this  by 
a  system  of  underground  cables  which  in  turn  receive  their  sup- 
ply through  overhead  lines  exposed  to  lightning,  to  the  winter 
storms  of  the  ^Niagara  frontier  and  to  wanton  interference  of 
mischief-makers,  and  under  these  circumstances  to  secure  a  de- 
livery of  power  free  from  all  interruptions  ar.d  in  every  way 
satisfactory  to  the  users,  is  by  no  means  an  easy  task.  The 
theorist  may  say,  get  rid  of  your  overhead  lines  and  construct  a 
tunnel  or  subway,  but  this,  as  I  have  pointed  out,  is  a  commer- 
cial, if  not  an  engineering  impossibility,  owing  to  its  great  cost, 
at  least  until  the  aggregate  use  of  power  in  Buffalo  becomes  so 
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large  that  the  cost  of  the  underground  construction  will  no 
longer  add  to  the  cost  of  power  at  ^Niagara  an  amount  so  great 
as  to  render  its  cost  in  Buffalo  commercially  prohibitive.  The 
practical  man  may  say,  "  You  are  attempting  an  impossibility; 
it  is  not  reasonable  to  expect  that  you  can  tie  to  one  central 
source  by  electrical  connections,  sensitive  as  human  nerves, 
every  industry  that  employs  power  in  Western  New  York,  ex- 
pose these  electric  nerves  through  half  their  length  to  lightning 
and  storm,  expose  them  again  in  half  a  dozen  sub-stations  in  com- 
plicated switch  gear  to  the  manipulation  of  a  large  number  of 
attendants  and  then  expect  to  get  along  without  frequent  attacks 
of  temporary  paralysis."  But  if  such  a  view  be  accepted, 
progress  is  impossible.  It  must  be  frankly  admitted  that  up  to 
the  present  time  the  results  of  efforts  put  forth  to  make  the  ser- 
vice absolutely  continuous  and  reliable  have  not  been  entirely 
satisfactory,  but  the  creation  of  a  system  that  shall  in  a  perfectly 
satisfactory  manner  distribute  throughout  a  territory  so  extensive 
and  so  complex  in  its  requirements  the  surplus  power  of  the 
Falls  is  necessarily  an  evolution  requiring  time.  Very  substan- 
tial progress  has  been  made ;  apparently  not  many  difficulties 
remain  to  be  surmounted. 

The  equipment  of  the  terminal  house  by  the  Cataract  Power 
and  Conduit  Company  will  make  it  possible  to  introduce  im- 
provements in  the  system  of  distribution  in  Buffalo  which  may 
be  reasonably  expected  to  eliminate  certain  causes  of  trouble. 

The  system  of  distribution  in  Buffalo  has  been  recently  de- 
scribed in  a  very  able  paper^  read  before  the  Institute  by  Mr. 
H.  G.  Stott,  and  I  shall  not  attempt  to  describe  it  here.  With 
the  terminal  house  equipped,  the  supply  of  power  to  substations 
in  Buffalo  presents  to  the  Cataract  Power  and  Conduit  Co.  ex- 
actly the  same  problems  that  would  have  to  be  met  were  a  cen- 
tral power  house  using  steam  driven  alternators  substituted  for 
the  terminal  house,  except  that  on  the  Niagara  side  of  the  10,000- 
volt  bus-bars,  step-down  transformers,  transmission  circuits  and 
the  power  plant  at  Niagara  take  the  place  of  the  alternators  and 
steam  plant. 

The  local  system  of  distribution  at  Niagara  is  probably  as  per- 
fect as  any  in  existence  and  there  is  every  reason  to  expect 
that  when  the  extensions  and  alterations  in  the  cable  system  and 
in  switch  gear  at  sub-stations,  which  are  now  made  possible  by 
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the  installation  of  the  terminal  house  equipment,  are  completed, 
the  distriburion  of  power  in  Buffalo  will  be  thoroughly  satisfac- 
tory to  all  concerned. 

At  the  terminal  house,  the  protection  of  8te])-down  transform- 
ers against  the  effects  of  lightning  is  extremely  important  and 
not  altogether  easy  to  accomplish.  Tlie  apparatus  installed  for 
the  purpose  comprises  lightning  arresters,reactance  coils  and  anew 
device  which  the  Westinghouse  Company  has  recently  developed 
and  designated  by  the  name  "  static  interrupter."  The  lightning 
arresters  proper  comprise  spark  gaps  between  Wurts  non-arcing 
metal  cylinders  in  conjunction  with  the  usual  ground  wires  and 
plates,  but  the  arrangement  of  the  spark  gaps  differs  materially 
from  that  generally  used  hitherto,  a  non-inductive  resistance 
being  used  in  series  with  all  of  the  gaps  while  a  part  of  the  gaps 
are  shunted  by  a  non-inductive  resistance.  This  apparatus,  which 
has  been  designated  the  "low-equivalent  lightning  arrester," 
has  been  fully  described  in  a  circular  issued  by  the  company 
referred  to. 

It  seems  reasonable  to  expect  that  the  separation  of  overhead 
and  underground  lines  by  interposition  of  step-down  transform- 
ers in  the  terminal  house  will  obviate  some  of  the  ditBculties 
which  have  hitherto  resulted  probably  from  the  metallic  connec- 
tion of  overhead  and  underground  circuits.  That  the  lightning 
arrester  equipments  at  Niagara  and  at  the  terminal  house  are 
effective  is  evidenced  by  the  fact  that  no  transformer  at  either 
point  has  ever  been  damaged  by  lightning,  although  on  several 
occasions  the  line  has  been  struck  so  heavily  that  cross  arms  and 
even  poles  have  been  shattered. 

XII.  The  Equepment  of  Power-Houbk  No.  2. 

I  do  not  propose  to  discuss  in  detail  in  this  paper  the  electrical 
equipment  now  in  course  of  construction  in  power-house  No.  2. 
Shortly  after  preparing  the  general  specifications  for  that  equip- 
ment, I  resigned  nay  position  as  Electrical  Director  of  the  Niagara 
Falls  Power  Company  to  give  attention  to  other  enterprises. 
The  company  has  been  fortunate  in  securing  the  service*  of  Mr. 
H.  W.  Buck  as  Electrical  Engineer  in  charge  of  new  elec- 
trical construction,  and  it  is  to  be  hoped  that  when  the  new 
plant  is  installed,  he  will  describe  in  detail  for  the  benefit  of  the 
Instttute  the  modifications  introduced  as  a  result  of  experi- 
ence   and  the   results   realized   therefrom.      Meanwhile,   how- 
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ever,  without  impropriety  and  without  trenching  upon  the  prov- 
ince of  those  upon  whom  will  rest  the  responsibility  of  carrying 
out  the  plans  thus  far  determined,  and  extending  them  to  meet 
the  requirements  of  future  growth,  I  may  outline  briefly  the 
more  important  features  with  respect  to  which  the  equipment  of 
power-house  No.  2  will  differ  from  that  of  power-house  No.  1. 

The  general  organization  of  the  equipment  will  differ  in  having 
all  switch  gear  and  measuring  instruments  located  in  one  struc- 
ture instead  of  in  two  separate  structures.  The  ultimate  equip- 
ment will  comprise  eleven  3730  kilowatt  alternators,  wound  for 
two-phases  and  2200  volts.  Oil  switches  operated  by  elec- 
tric motors  in  combination  with  spring  mechanism  will  be 
used.  The  cable  subway,  which,  in  power-house  No.  2  as  in 
power-house  No.  1  is  parallel  to  the  row  of  alternators,  will  be 
widened  to  an  extent  sufficient  to  permit  installation  of  all  bus- 
bars and  connections  except  the  vertical  risers  to  the  switches 
below  the  floor  line  of  the  power-house.  Above  the  floor  line  and 
directly  over  the  subway  which  is  opposite  the  middle  of  the  row 
of  11  alternators  the  switches  will  be  placed  in  brick  compart- 
ments, faced  on  the  outside  with  white  enameled  brick.  As  in 
power-house  No.  1,  two  sets  of  bus-bars  will  be  used.  The  cir- 
cuit from  alternators  to  bus-bars  passes  flrst  through  a  circuit- 
breaking  switch  witii  time-limit  overload  attachment  and  thence 
to  terminals  of  a  pair  of  oil  circuit-breaking  switches,  non- 
automatic,  by  means  of  which  connection  is  made  to  either  or 
both  sets  of  bus-bars.  Pairs  of  switches  similarly  arranged  are 
used  for  each  feeder  circuit,  but  these  are  automatic  with  time 
overload  attachment.  All  switches  are  of  the  new  type  devel- 
oped by  the  General  Electric  Company,  in  which  the  circuit  is 
broken  under  oil,  the  four  sets  of  terminals  of  each  switch  being 
enclosed  in  separate  brick  compartments. 

Instead  of  instrument  stands,  a  switchboard  of  blue  Vermont 
marble,  located  upon  an  elevated  platform  about  the  middle  of 
the  power  house,  will  be  used  to  mount  the  indicating  and 
measuring  instruments.  Below  these  instruments,  and  extend- 
ing the  entire  length  of  the  board,  a  distance  of  70  feet,  the 
small  switches  which  electrically  control  the  movements  of  the 
large  switches  in  the  alternating  current  circuits  will  be  located 
and  these  will  be  assembled  in  connection  with  an  organization 
of  dummy  bus-bars  and  connections  in  such  a  way  as  to  consti- 
tute an  exact  diagrammatic  representation  of  the  actual  existing 
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connections  of  the  power  circuits.  While  the  organization  of 
switchboard  apparatas  in  power  house  No.  1  is  remarkably  free 
from  complication,  experience  in  the  operation  of  the  plant  has 
demonstrated  the  fact  that  in  time  of  emergency  the  most  skil- 
ful operator  is  liable  to  make  mistakes.  When  something  goes 
wrong,  the  operator  has  no  time  to  draw  diagrams  nor  even  to 
think  diagrams.  At  such  times  the  eye  is  a  quicker  and  more 
certain  guide  then  the  mind.  I  feel  confident  that  the  use  of 
the  diagrammatic  operating  switchboard  arrangement  will  ma- 
terially contribute  to  the  safety  and  certainty  of  operation. 

The  regulation  of  the  alternators  will  be  much  closer  than 
that  in  the  machines  thus  far  installed.  Their  external  appear- 
ance will  be  considerably  changed  by  the  removal  of  the  bridges, 
this  being  made  possible  by  locating  the  field  collector  rings  on 
the  shaft  below  the  stationary  armature  and  carrying  the  exciting 
current  to  the  field  by  wires  placed  inside  the  hollow  shaft. 
Some  changes  in  the  armature  winding,  aiming  particularly  to 
secure  greater  mechanical  rigidity,  have  been  made  and  the  de- 
sign adopted  provides  also  for  a  change  in  the  system  of  internal 
ventilation. 

In  other  respects,  the  new  alternators  will  not  differ  materially 
from  the  old  ones. 

As  in  the  case  of  power  house  No.  1,  exciting  current  will  be 
supplied  by  continuous  current  machines  driven  by  turbines, 
but  in  the  case  of  power  house  No.  2  these  will  be  located  in 
chambers  excavated  in  the  sides  of  the  wheel  ])it  at  the  level  of 
the  turbine  deck.  Experience  has  shown  that  similar  chambers 
in  the  old  wh^el  pit  are  almost  perfectly  dry,  ,and  it  is  thought 
that  the  simplification  of  the  hydraulic  plant  required  to  drive 
the  exciters,  which  results  from  placing  them  near  the  bottom 
of  the  wheel  pit,  will  reduce  chances  of  possible  interruption 
of  service  by  reason  of  trouble  with  the  exciter  turbines  and 
shafts. 

I  began  this  paper  by  saying  that  *'  The  history  of  the  Niagara 
Falls  power  plant  is  a  demonstration  of  the  ability  of  applied 
electrical  engineering  science  to  attain  in  commercial  practice 
results  predicated  in  large  degree  upon  theory."  What  are  the 
practical  results  thus  far  attained  ? 

Briefly,  the  Niagara  plant  has  contributed  in  no  small  degree 
to  the  development  of  a  considerable  number  of  important 
chemical  industries,  and  is  already  the  center  of  a  prosperous  and 
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rapidly  growing  raanufacturiDg  community.  It  islighting  Buf- 
falo, Tonawanda,  Lockport,  and  Niagara  Falls,  and  is  operating 
the  electric  railway  systems  in  the  cities  and  towns  named. 

For  the  first  six  months  of  the  current  year,  the  output  of  the 
plant  was  104,378,000  kilowatt  hours.  A  steam  driven  plant, 
delivering  the  same  output  and  using  three  pounds  of  coal  per 
unit  at  the  switchboard,  would  have  burned  in  the  time  named 
156,000  net  tone  of  coal — more  than  800  tons  per  diem. 

The  generating  plant,  including  alternators,  exciters  and  switch 
gear  has  been  remarkably  successful  and  satisfactory  in  opera- 
tion. The  cost  of  maintenance  and  repairs  for  the  past  two 
years  has  been  less  than  one  per  cent.«  while  maintenance  and 
repair  of  the  motive  power  plant,  including  turbines,  governors, 
pen-stocks,  shafts,  inlet  racks,  etc.,  has  approximated  two  per  cent. 
The  local  distributing  system  also  has  proved  satisfactory  in  ser- 
vice.  The  long  distance  transmission  and  distribution  of  power 
hitherto  has  been  subjected  to  occasional  interruptions,  brief  in 
duration  but  nevertheless  seriously  annoying.  The  separation  of 
overhead  and  underground  circuits  effected  by  the  use  of  step- 
down  transformers  in  the  terminal  house,  improvements  in 
organization  of  .the  local  distributing  system  in  Buffalo  now  ren- 
dered possible  by  the  installation  of  the  terminal  house  equip- 
ment and  the  gradual  elimimtion  of  weak  points  in  the  system 
justify  the  belief  that  the  interruptions  of  the  long  distance  ser- 
vice will  become  less  frequent  than  in  the  immediate  past,  but 
until  the  time  arrives  when  it  shall  be  commercially  feasible  to 
use  cables  instead  of  overhead  lines  occasional  interruptions  of 
service  are  apparently  inevitable. 

I  cannot  close  this  paper  without  referring  to  the  excellent 
work  of  the  operating  department  of  the  Power  Company.  It  is 
not  difficult  to  plan  upon  paper  an  extensive  system  of  inter- 
connected and  mutually  dependent  eleCftrical  apparatus  which 
will  work  perfectly — on  paper — but  such  an  organization  of  ap- 
paratus realized  in  iron  and  steel  and  copper  requires  for  its  suc- 
cessful operation  the  utmost  degree  of  systematic  vigilance  upon  . 
the  part  of  a  thoroughly  organized  and  disciplined  force  of 
trained  operatives  who  must  not  only  be  familiar  with  their 
routine  duties  but  ready  to  act  with  promptness  and  certainty  in 
time  of  emergency.  The  theorist  who  sits  in  his  study,  ex- 
amining diagrammatic  connections  of  an  extensive  electrical  sys- 
tem, is  usually  able  to  work  out  a  solution  of  any  difficulties 
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which  he  may  imagine — he  can  see  just  what  switches  should  be 
thrown  and  what  new  combinations  should  be  made ;  if  he  makes 
a  mistake  in  his  first  solution  no  damage  has  been  done,  and  he 
may  try  again.  But  the  operator  on  the  switchboard  controlling 
50,000  horse  power  must  do  his  work  under  conditions  very  dif- 
ferent from  those  of  the  study,  and  he  can  afford  to  make  no  mis- 
takes. It  is  high  praise  for  the  organization  and  personnel  of 
the  operating  force  at  Niagara  to  say  that  of  the  various  troubles 
that  have  occurred  in  operation  those  due  to  mistakes  or  to  lack 
of  vigilance  constitute  a  proportion  quite  insignificant.  This 
result  has  been  largely  due  to  the  foresight  and  systematic 
methods  and  organizing  ability  of  the  Superintendent,  Mr. 
Philip  P.  Barton,  and  to  the  prompt  resourcefulness,  technical 
«kill  and  extraordinary  coolness  in  emergency  of  the  Kesident 
Electrician,  P.  M.  Lincoln.  It  is  a  pleasure  to  be  able  to  thus 
publicly  express  my  appreciation  of  the  able  assistance  of  these 
gentlemen  during  the  years  in  which  we  have  been  associated  in 
the  work  at  Niagara. 
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D16CU88ION. 

[Id  concluding  his  remarks,  Mr.  Stillwell  invited  discussion  on 
the  subject  of  interruptions  of  circuit,  and  on  that  topic  spoke  a& 
follows :] 

Mr  Stillwell. — Several  obvious  improvements  can  be  named. 
AmoDg  those  that  have  been  thought  of  is  improvement  in 
the  regulation  of  the  alternators.  This  will  be  provided  for  in 
the  new  machines,  which  I  presume  will  be  used  ultimately  for 
long  distance  service,  while  the  older  machines  will  be  used  for 
the  local  service.  Another  thing  that  has  been  tried  is  the  time- 
limit  circuit-breaker.  We  found  by  experience  that  fuses  and 
circuit-breakers  without  some  relay  device  that  was  adjustable 
were  not  discriminating,  that  a  short  circuit  on  a  branch  or  a 
substation  would  interrupt  the  whole  supply  to  the  city.  To  get 
around  this  difficulty  we  have  endeavored  to  use  a  time-limit  de- 
vice, setting  the  circuit-breakers  on  the  branches  from  sub-sta- 
tions to  open  instantly  and  those  at  the  terminal  house  connected 
into  the  cables  which  supply  the  sub  station  to  open,  say,  in  one 
second,  and  those  at  Niagara  controlling  the  transmission  cir- 
cuits to  open  in  three  seconds. 

This  plan,  if  the  circuit-breakers  work  as  expected,  is  a  dis- 
criminating arrangement.  If  a  short  circuit  occurs  in  a  circuit 
distributing  energy  from  a  sub-station,  the  circuit  breaker  which 
controls  that  feeder  cuts  it  off  in  a  small  fraction  of  a  second,  the 
time-limit  mechanisms  of  circuit- breakers  at  the  terminal  house 
and  at  Niagara  start,  but  stop  again  the  instant  the  circuit-breaker 
on  the  distributing  feeder  operates,  and  consequently  the  circuit- 
breakers  at  the  terminal  house  and  at  Niagara  do  not  open.  If 
for  any  reason  the  circuit- breaker  on  the  distributing  circuit  from 
the  sub-station  fails  to  clear,  the  circuit-breakers  at  the  terminal 
house,  controlling  cables  which  supply  power  to  the  sub-stations 
will  open  at  the  end  of  one  second.  The  circuit- breakers  at  Ni- 
agara can  open  only  in  case  the  overload  due  to  short  circuit 
persists  for  three  seconds. 

This  arrangement  has  worked  iii  some  cases,  but  the  circuit- 
breaker  problem,  so  far  as  our  experience  has  indicated,  has  not 
yet  been  solved  satisfactorily.     Of  course,  it  is  a  very  difficult 

f)roblem,  as  Mr.  Steinmetz  said  yesterday,  to  deal  with  these  very 
arge  amounts  of  power,  comparable  with  the  energy  of  the 
Empire  State  Express  going  at  60  miles  an  hour,  but  that  is  a 
direction  in  whicti  we  must  make  progress.  We  must  get  a  cir- 
cuit-breaker which  will  operate  instantaneously,  or  as  nearly  so 
as  possible,  so  far  as  the  making  and  breaking  parts  are  con- 
cerned. Then  I  think  we  must  use  a  time  relay  device  to  dis- 
criminate, so  as  to  localize  our  difficulties.  Improvement  in  the 
regulation  of  the  machines  will  help.  Whether  we  can  improve 
matters  further  by  using  more  induction  motors  and  not  so  many 
synchronous  motors  is   a  question  that   is  certainly  debatable- 
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The  converter  in  the  case  of  a  short  circuit  tends  to  protect  it- 
self and  to  hold  on  to  a  certain  extent,  because  its  load  drops 
automatically  when  the  potential  supplying  the  converter  drops. 
In  our  experience  with  synchronous  motors,  however,  and  with 
rotary  converters  here  in  Buffalo,  at  the  end  of  along  line,  where 
it  is  not  only  a  question  of  drop  in  the  alternator,  but  drop  iti 
the  transmission  circuits  and  in  the  transformers,  they  have 
always  let  go  if  the  short  circuit  has  been  at  all  serious.  1  have 
felt  that  perhaps  the  induction  motors  would  not  let  go.  A  drop 
of  potential  lasting  perhaps  a  second  or  two  might  not  cause  the 
induction  motors  to  stop,  whereas  it  inevitably  does  so  far  as  our 
experience  goes,  stop  all  synchronous  machinery. 

x^BEsiDENT  Steinmetz. — Gentlemen,  I  am  sure  you  agree  with 
me  that  we  have  listened  to  a  very  interesting  paper,  one  in 
which  Mr.  Still  well  has  brought  before  us  the  first  time  I  think 
it  has  ever  been  done,  a  general  review  and  description  of  the 
enormous  work  which  has  been  done  here  in  developing  power 
at  the  largest  of  all  the  waterfalls  in  the  world.  In  opening  the 
discussion  I  should  like  to  ask  two  questions  of  Mr.  Stillwell  for 
our  information,  one,  referring  to  the  wave  ?hape  of  the  alterna- 
tors, the  other,  the  eflSciency.  Now,  I  understand  that  the  wave 
shape  given  in  the  paper  has  been  taken  wirh  the  machine  in  the 
factory  revolving  at  very  low  speed.  I  believe  it  would  be  in- 
teresting to  hear  whether  the  wave  shapes  have  ever  been  taken 
with  the  machine  running  under  service  conditions,  that  is  at 
full  voltage,  full  excitation,  driven  by  the  turbine  at  no  load,  and 
also  at  full  load,  perhaps  also  with  loads  of  different  character. 
The  machines  are  of  rather  high  armature  reaction,  and  frequently 
the  wave  shape  changes  with  the  load  in  such  machines. 

Then,  another  point  I  think  we  should  like  to  get  information 
upon  is  regarding  the  efficiencies  of  the  alternators  given  her©  in 
the  paper.  These  electrical  efficiencies,  98.1  per  cent.,  are  caI- 
culated  by  adding  the  losses.  In  the  loss,  however,  the  load  loss 
is  not  counted.  tJow,  it  would  be  interesting  to  hear  whether 
any  tests  have  been  made  to  determine  these  load  losses  of  the 
alternators,  and  how  much  they  amount  to  and  what  effects  they 
have  on  the  efficiencies.  In  alternators  of  high  armature  reac- 
tion the  load  losses  are  occasionally  quite  considerable. 

I  believe  Mr.  Stillwell  will  be  verv  glad  to  discuss  the  various 
problems  referred  to  in  the  paper  with  you  and  I  hope  we  shall 
nave  a  very  interesting  discussion. 

Mb.  Stillwell. — As  regards  the  form  of  potential  curve  of 
the  alternator,  the  result  of  the  factory  tests  has  been  checked 
by  an  elaborate  series  of  observations  at  the  Falls  which  were 
conducted  by  Mr.  Tingley  of  the  Westinghouse  Company,  who 
may  be  present.  These  tests  were  made  under  varying  condi- 
tions of  load.  Under  non-inductive  load  and  upon  open  circuit 
the  curves  agree  very  well  with  those  obtained  in  the  factory. 
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under  the  conditions  of  a  very  low  ppeed.  For  varying  loads 
the  wave  was  very  considerably  distorted. 

In  regard  to  the  efficiencies  that  are  set  forth  in  the  tai»lee^ 
the  iron  loss  was  carefully  determined  by  driving  the  machine 
by  direct  current  motor  on  open  circuit.  We  have  added  to 
that  iron  lo.«6  20  per  cent,  as  the  assumed  increase  due  to  distor- 
tion of  the  iield  in  the  armature  teeth,  and  this  amount  is  in- 
cluded in  these  losses  whicli  are  charged  against  the  machine  in 
the  table  that  I  have  given. 

Mr.  Buck. — Mr.  rresident,  this  paper  is  so  complete  that 
there  is  little  to  add  or  to  criticize  in  connection  with  it.  The  his- 
torical part  is  certainly  interesting,  for  the  reason  that  the  history 
of  the  Niagara  Falls  Power  Company  has  to  a  large  extent  been 
the  history  of  electrical  engineering  during  the  past  ten  years,  and 
it  is  also  interesting  as  bringing  before  us  to  day  the  engineering 
point  of  view  which  existed  ten  years  ago.  It  seems  to  me  that 
electrical  engineering  owes  a  consi(ierable  debt  to  the  Niagara 
Falls  Power  Company.  Ten  years  ago  electrical  engineering 
was  in  somewhat  of  a  chaotic  condition.  Few  engineers  agreed 
upon  systems,  and  they  were  afraid  of  the  alternating  (-iirrent. 
Polyphase  systems  were  looked  upon  with  considerable  skepti- 
cism, and  men  with  capital,  who  could  be  persuaded  to  put  their 
money  into  fcuch  enterprises,  considerea  the  transmission  of 
large  amounts  of  power  as  being  more  of  a  theoretical  than  a 
practical  proposition.  Engineering  at  that  time  needed  a  large 
installation,  similar  to  thai  at  Niagara  Falls  to  establish  confi- 
dence and  to  serve  as  a  precedent  for  engineering  practice.  The 
Niagara  Falls  Power  Company  adopted  a  frequency  of  25  cycles. 
This  was  a  very  radical  and  important  step,  for  at  that  time  the 

f)revailitig  frequency  was  125  cycles  and  183  cycles,  and  it  was 
ooked  upon  as  necessary  by  engineers.  The  prevailing  alternat- 
ing generator  voltage  was  1100,  and  the  Niagara  Falls  Company 
raised  it  to  2200,  which  has  since  been  adopted  as  the  standard 
for  a  great  number  of  installations  I  do  not  lecall  the  figures 
for  the  largest  generators  which  had  been  built  at  that  time,  but 
they  were  comparatively  small.  The  Niagara  Falls  Power  Com- 
pany jumped  to  a  size  of  5,00(»  h.  p.,  demonstrating  very  forcibly 
that  the  large  size  units  were  practicable  and  economical.  It  also 
demonstrated  the  feasibility  of  transmitting  enormous  amounts 
of  power,  enormous  in  comparison  with  anything  which  had  been 
transmitted  up  to  that  time.  The  system  remained  practically  a 
standard  since  the  time  when  it  was  proposed,  which  I  believe 
was  1892,  a  very  remaikable  record. 

Mr.  Lincoln. — Mr.  President,  Mr.  Stillwell  has  called  atten- 
tion in  his  paper  to  the  method  of  delivering  power  to  the  Union 
Carbide  Company,  and  in  connection  with  that  has  called  atten- 
tion to  the  heat  losses  in  conduits.  What  he  says  there  about 
the  installation  of  nibber  cables  in  connection  with  the  great  loss 
of  heat  is  something  which  requires  considerable  thought.     He 
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has  called  attention  to  the  fact  that  the  rubber  deteriorates  by 
heat  continuously.  There  is,  however,  one  other  condition  to 
be  noted  at  Niagara  Falls  which  also  seems  to  be  pretty  hard  on 
rubber  cables,  and  that  is  where  the  rubber  is  subject  to  constant 
static  strain.  To  state  a  concrete  case :  at  the  terminal  of  our 
20000- volt  lines  inside  the  transformer  house  of  the  Niagara  Falls 
Power  Company  we  installed  rubber  cables  having  ^^  inch 
rubber  on  the  outside  and  where  it  ran  down  the  brick  walls  it 
was  supported  in  porcelain  clamp  insulators,  so  that  any  leakage 
current  had  to  go  over  the  surface  of  about  |  inch  of  porce- 
lain as  well  as  through  ^^  inch  of  rubber  before  it  reached  the 
iron  clamp  holding  the  porcelain.  A  test  of  the  rubber  cable 
alone  showed  it  was  capable  of  standing  at  least  70,000  volts.  I 
should  judge  that  the  insulation  of  the  cable,  plus  the  porcelain 
insulator  as  it  was  put  in,  would  stand  100,000  volts.  But  that 
same  insulation  after  a  week's  service,  broke  down  under  the 
normal  strain  of  about  13,000  volts  between  line  and  ground.  It 
has  occurred  to  me  that  possibly  this  deterioration  might  be 
caused  by  the  ozone  which  is  generated  by  static  strain,  the  ozone 
attacking  the  rubber.  Of  course,  the  experience  I  have  had 
does  not  prove  the  fact  conclusively,  but  it  points  in  that  direc- 
tion, and  I  thought  it  might  be  interesting  to  refer  to  the  mem- 
bers for  discussion. 

Mr.  Sperry.— Mr.  President,  there  is  only  a  word  I  have  to 
say  and  that  is  in  reference  to  ozone.  We  are  working  with 
quite  large  amounts  of  ozone,  and  it  will  certainly  attack  rubber. 
A  hone  made  of  the  best  Para  rubber,  having,  I  think,  a  |  wall, 
will  stand  only  about  a  day  and  a  half  when  conducting- atmos- 
pheric air  charged  with  only  1^  per  cent,  of  ozone.  So.  doubt- 
less, it  is  the  ozone  that  we  must  look  out  for  in  rubber  insula- 
tion where  static  effect  is  present,  especially  where  the  tension  is 
high  enough  to  cause  silent  discharge. 

Mr.  Perrine. — Mr.  Still  well  has  very  properly  called  atten- 
tion to  the  difficulty  and  the  practical  unreliability  of  tempera- 
ture measurements  either  by  resistance  or  by  thermometer.  With 
the  thermometer  we  get  a  local  temperature  that  may  be  correct, 
and  with  resistance  we  get  an  average  temperature  that  is  more 
likely  to  be  correct,  as  an  average.  I  have  not  the  slightest 
doubt  that  our  rules  are  in  error  in  their  form.  I  believe 
that  the  proper  method  in  specifying  for  apparatus  should  take 
into  account  the  highest  temperature  obtainable  with  the  ther- 
mometer and  the  average  temperature  obtainable  by  resistance, 
and  in  any  particular  apparatus  these  should  not  differ  more 
than  a  certain  percentage.  If  we  have  a  high,  or  even  a  very 
low,  temperature  ascertained  locally  by  a  thermometer,  and  a 
moderate  temperature  ascertained  by  the  resistance,  we  know  that 
the  thermometer  in  these  cases  indicates  that  there  are  certain 
other  points  which  ai'e  greatly  different  from  the  average,  and  I 
believe  that  this   should  be  taken  into  account  in  our  rules.      I 
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am  very  glad  that  Mr.  Stillwell  has  called  attention  to  this  point 
at  this  time. 

As  regards  insulator-pins— the  absolute  stupidity  of  always 
using  Western  Union  pins  was  called  to  my  attention  more  par- 
ticularly in  one  case  where  one  of  our  prominent  manufacturing 
companies  was  installing  a  plant  for  high  voltage.  They  pur- 
chased a  lot  of  large  insulators  and  a  quantity  of  Western  Union 
pins,  and  after  the  material  was  all  boiight  and  on  the  ground 
they  found  that  the  petticoats  of  all  the  insulators  rested  on  the 
cross-arm  after  they  were  screwed  down  to  the  pin.  Then  for 
the  first  time  they  saw  that  it  was  necessary,  sometimes  at  any 
rate,  to  design  pins. 

As  regards  the  matter  of  protection  against  interference  with 
long  distance  lines,  which  Mr.  Stillwell  has  called  to  our  particu- 
lar attention,  asking  for  comments.  I  do  not  know  whether 
their  principal  trouble  here  is  due  to  normal  occurrences,  such  as 
short  circuits  on  the  line,  and  failure  of  machines  and  other  ap- 
paratus or  to  intentional  malicious  interference.  As  regards  the 
normal  troubles,  I  think  that  much  remains  to  be  worked  out 
in  respect  of  machinery.  We  have  perhaps  heard  enough  about 
synchronous  and  induction  motors,  but  I  am  declined  to  think 
that  a  more  correct  design  of  synchronous  motor  will  hold  on 
better  than  the  motors  commonly  used.     But  that  was  not  the 

Eoint  about  which  I  wished  to  speak.  In  the  experience  that  I 
ave  had,  I  have  found  that  disturbances  to  long  distance  lines 
due  to  abnormal  difficulties — that  is  malicious  interference  with 
the  line,  can  best  be  overcome  by  the  systematic  and  general  use 
of  the  newspapers,  inculcating  in  the  minds  of  the  people  living 
along  the  line  the  knowledge  that  inteference  with  the  line  means 
not  so  much  damage  to  machinery  and  harm  to  the  hateful  mil- 
lionaire who  has  built  the  line,  but  danger  to  the  operators  in  the 
station.  We  have  for  the  protection  of  some  of  our  long  dis- 
tance lines  inserted  articles  from  time  to  time  in  local  papers,  in 
which  we  called  shooting  at  insulators  and  chrowing  bale-wire 
over  the  lines  intentional  homicide  if  not  cold-blooded  murder  ; 
and  bv  judiciously  distributing  such  information  we  have  found 
that  there  is  actually  a  very  material  lessening  of  malicious  dis- 
turbance. 

I  do  not  believe  that  Mr.  Stillwell  is  correct  in  his  assumption 
that  the  non  collection  of  sleet  on  the  Niagara  line  is  due  to  the 
static  effect.  I  believe  that  it  is  almost  entirely  due  to  the  heat 
effect,  and  the  reason  I  have  for  that  belief  is  that  a  number  of 
years  ago  I  observed  a  small  line  carrying  current  for  a  Thomson 
welding  machine,  passing  over  the  roof  of  a  rolling  mill  and 
through  the  steam  from  a  non  condensing  engine.  The  current 
in  that  line  never  amounted  to  enough  to  heat  theline,  but  the  po- 
tential was  always  preeent  to  a  sufficient  amount  to  make  the 
static  effect  very  marked,  with  the  result  that  the  water  wat,  to  be 
sure,  repelled  from  the  line,  but  the  temperature  of  the  wire  not 
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being  sufficient  to  prevent  the  formation  of  fee,  we  had  iciclefl 
from  two  to  three  inches  long  standing  up  in  all  directions 
around  the  wire.  I  have  seen  icicles  three  inches  long  standing 
straight  up.  And  so,  while  the  water  is  repelled,  I  believe  that 
heat  is  the  essential  for  the  non-collection  of  sleet. 

Mb.  Stern. — I  would  like  to  ask  Mr.  Stillwell  if  they  have 
had  any  of  the  experiences  with  anchor. ice,  such  as  the  holding 
back  of  the  water  supply  for  the  penstocks,  thus  cutting  oflE  the 
power  and  minimizing  the  output  to  any  extent  during  the  spring 
of  the  year. 

Mr.  Stillwkll. — As  regards  anchor  ice,  Mr.  President,  there 
is  a  great  deal  of  it  encountered  at  Niagara  at  certain  times. 
Some  of  the  hydraulic  "doctors"  have  told  us  that  we  ought  to 
cease  operations  under  those  conditions,  but  we  found  that  im- 
practicable. Consequently  we  hare  done  something  that  none 
of  them  has  approved,  but  which  seems  to  be  eflEective — we  have 
simply  lifted  the  raeks  and  let  the  anchor  ice  go  through  the 
wheels. 

There  is  only  one  thincc  further  I  should  like  to  say  bearing 
upon  the  discussion,  and  that  is  in  regard  to  operation,  and  to 
answer  a  single  question  suggested  by  Dr.  Perrine  as  to  the  classi- 
fication of  tlie  causes  of  trouble.  I  have  not  the  classification 
here — perhaps  Mr.  Barton  might  supply  if  he  is  present — but  I 
did  make  a  rough  approximate  classification  awhile  ago  of  the 
interruptions,  and  from  recollection  I  think  this  was  about  the 
wav  it  worked  out.  Interruptions  from  cables  were  respon- 
sible for  about  30  per  cent,  of  our  total  troubles,  interruptions 
from  failure  of  exposed  contacts  at  switches,  circuit  breakers  and 
elsewhere,  for  another  30  per  cent,  or  thereabouts.  These  two 
put  together  make  60  per  cent,  and  these  we  may  hope  reasona- 
bly to  eliminate  as  the  weak  parts  are  broken  down  and  removed. 
I  wish  to  say  that  in  doubling  the  potential  recently  from  11, 000 
to  22,000  volts  the  company  naturally  had  very  much  more  trou- 
ble than  in  the  two  years  just  preceding  the  change.  These  in- 
cidental troubles  I  expect  will  all  gradually  be  elitninated.  Er- 
rors in  throwing  switches  by  operators  at  Niagara  and  elsewhere 
on  the  system — and  practically  none  of  those  was  made  at  the 
power  house,  where  we  can  have  highly  skilled  operators, — 
caused  10  per  cent.  Where,  as  I  said  yesterday,  you  have  24 
$50-a-month  men  throwing  switches  and  attempting  to  har- 
monize synchronous  machinery,  you  are  likely  to  have  at  least 
10  per  cent,  of  your  interruptions  from  that  source.  Outside 
interference  caused  about  10  per  cent.,  and  lightning  about 
20  per  cent.  Now,  this  is  an  unusually  high  proportion  of 
damage  by  lightning.  There  was  one  storm  in  which  the  line 
was  struck  five  times.  I  think  five  poles  with  their  cross-arms 
were  destroyed.  There  is  nothing  to  do  when  this  happens  but 
to  let  go  and  start  up  again.  Such  an  occurrence  is  abnormal, 
however.    The  troubles  from  the  cables  we  may  hope  to  decrease 
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and  upon  that  point  I  hope  we  may  be  able  to  gain  some  advice 
from  our  president  and  from  other  gentlemen  who  are  pursuing 
the  theoretical  study  of  the  harmonics,  which  I  believe  are 
responsible  for  some  of  our  troubles ;  and  we  can  also  decrease 
them  by  strengthening  our  insulation,  as  experience  shows 
us  where  it  is  weak.  As  to  errors  in  switching,  I  do  not  believe 
it  is  possible  to  reduce  them  materially.  I  do  not  believe  there 
is  any  operating  force  in  existence  better  disciplined  or  more 
skilled  than  the  one  employed  by  the  Niagara  Falls  Power  Com- 
pany. 

As  to  outside  interference,  no  attempt  has  been  made  to  de- 
crease it  by  the  method  suggested  by  Dr.  Perrine,  viz.:  advertise- 
ment of  the  danger  to  operatives  involved  by  such  interference. 

We  have  tried  almost  every  means,  including  detectives  and 
patrols  and  all  that  sort  of  thing.  The  only  cause  of  trouble 
that  we  cannot  practically  get  away  from  until  we  put  down  an 
underground  system  of  cables  from  the  Fall?,  is  probably  that 
from  lightning,  and  the  point  where  I  think  we  can  make  the 
greatest  gain  is  in  keeping  our  potential  wave  through  the  whole 
system  as  near  a  sine  as  practicable. 

President  Steinmetz. — Gentlemen,  we  have  with  us  Dr.  Per- 
rine, who  I  know  has  given  the  problem  of  lightning  protec- 
tion on  transmission  lines,  and  the  study  of  transmission  lines 
altogether,  a  good  deal  of  attention.  I  think  we  would  be  inter- 
ested to  hear  from  him  his  experience  with  lightning  protection. 
I  call  upon  Dr.  Perrine. 

Dr.  Perrine. — I  think,  Mr.-  President,  this  is  taking  rather  a 
mean  advantage  of  me,  because,  riding  down  on  the  car  Mr. 
Steinmetz  asked  what  my  experience  was,  and  I  told  him  com- 
paratively little.  My  experience  with  lightnino;  protection  is 
really  comparatively  little.  On  the  Pacific  coast  we  have  lots 
of  long  lines,  and  it  is  there  that  my  experience  has  lain.  While 
we  de  not  have  the  severe  storms  that  you  have  here  we  have 
the  unusual  record  in  California  that  there  is  no  month  of  the 
year  entirely  free  from  lightning.  The  occurrences  that  Mr. 
Stillwell  describes  of  lightning  storms  being  so  severe  as  actua  ly 
to  strike  the  poles,  we  have  very  little  difficulty  with,  but  our 
lines  being  long, — a  ten  mile  is  a  very  short  one  there,  and 
they  run  on  up  to  25,  30,  40,  50,  80  miles,  and  two  recent 
lines  have  been  built,  one  of  144  and  the  other  one  of  54  miles 
— which  two  lines  at  present  are  partly  connected  together 
in  operation  from  one  of  the  stations,  making  a  total  transmis- 
sion of  198  miles, — with  such  work  as  that  you  can  realize  the 
fact  that  while  we  do  not  have  the  difficulty  tliat  you  have  here 
of  the  severe  storms  being  localized  along  the  lines  and  the  lia- 
bility of  striking  poles,  at  the  same  time  we  do  have  great 
trouble  from  the  induction  on  the  line,  due  to  lightning  storms 
in  the  neighborhood,  because  a  lightning  storm  in  the  neighbor- 
hood of  a  200-milc  line  is  not  an  infrequent  thing  ;  and  for  that 
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purpose  we  use  the  same  protection  that  you  do  here,  of  choke 
coils  and  lightning:  arresters  between  them.  Mr.  Steinmetz 
asked  me  whether  I  thought  the  clioke  coils  really  had  any  good 
eflEect.  I  told  him  that  the  only  good  effect  that  I  really  knew 
they  had,  was  that  they  induced  the  owner  of  the  line  to  buy 
more  lightning  arresters,  because  if  you  don't  put  in  choke  coils 
and  indicate  to  him  that  more  lightning  arresters  than  a  single 
set  are  necessary,  he  will  say,  ^'Weil,  I  will  buy  one  set,  but  that 
is  all  I  will  buy  ;"  and  we  know  that  one  set  is  never  sufBcient, 
whether  a  choke  coil  is  in  or  not.  In  these  long  lines  we  have 
used  some  sort  of  guard  line,  generally  a  barbed  wire  thoroughly 
grounded  at  least  as  frequently  as  ewery  fourth  pole.  The 
method  of  doing  that  is  to  put  an  iron  plate  under  the  bot- 
tom of  the  pole,  and  connect  that  with  the  barbed  wire  stapled 
to  the  top  of  the  pole.  The  effect  of  that  wire  seems  to  be 
be  to  keep  the  line  continuously  discharged.  In  very  dry  air  on 
long  lines,  where  the  elevation  of  the  line  varies  all  the  way  from 
practically  sea  level  to  1500  to  2000  feet  above  the  sea  you  will 
find  severe  charges  on  the  line  in  almost  all  weathers,  whether 
there  is  any  lightning  in  the  neighborhood  or  not,  unless  that 
line  is  discharged  by  means  of  some  sort  of  spark  gap  or  this 
barbed  wire.  If  yon  have  barbed  wire  along  the  line  you  can 
handle  the  line  with  practical  impunity  in  almost  all  weather^ 
that  is,  I  mean,  the  idle  line.  .  If  you  have  no  barbed  wire  along 
such  a  line  you  will  get  knocked  off  your  feet  every  time  you 
touch  the  wire,  even  when  there  is  no  generating  apparatus  con- 
nected with  it  at  either  end  ;  and  while  that  constant  potential, 
due  to  the  dry  winds  blowing  over  the  line  and  charging  it  with 
frictional  electricity,  may  not  be  very  great,  it  is  nevertheless  a 
potential  high  enough  gradually,  in  time,  to  puncture  the  insula- 
tion of  the  machines ;  and  now  whenever  there  is  a  lightning 
discharge  in  the  neighborhood  of  the  line,  and  there  is  disturb- 
ance set  up  along  the  line,  that  barbed  wire  discharges  it.  Mr. 
Stein metz  asked  me  whether  I  thought  smooth  wire,  being  more 
reliable  as  regards  its  strength,  would  not  be  just  as  good  as  the 
barbed  wire.  I  do  not  believe  it  would,  because  the  barbed  wire 
undoubtedly  discharges  the  line  when  it  is  charged,  as  I  say, 
due  to  the  air  moving  over  its  surface.  It  is  true  that  the 
barbed  wire  discharges  a  great  space  of  air,  and  the  fact  that 
that  line  is  dead  when  the  barbed  wire  is  strung  over  the  pole 
might  be  due  to  the  fact  that  the  barbed  wire  discharges  the 
line-  itself  as  well  as  the  air,  after  the  line  has  become  charged. 
Lines  protected  in  that  way,  with  the  lightning  that  we  have 
had,  are  practically  free  from  disturbance.  There  was  one  case 
of  an  exceedingly  severe  storm  that  swept  north  and  south 
through  our  State,  across  our  line,  which  was  extending  east 
and  west,  and  our  line,  46  miles  in  length,  was  the  only  line, 
telegraph,  telephone  or  power  line,  in  that  neighborhood  which 
was   not  interfered  with ;  and  during  that   storm  my  assistant 
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watched  the  lightning  arresters  very  carefully,  expecting  to  see 
a  great  deal  of  fire  works.  He  sat  out  on  the  roof  of  the  trans- 
former sub-station  where  the  lightning  arresters  were  nearly  all 
one  night  waiting  to  see  the  fire  works,  and  didn't  see  any. 
Nearly  all  the  lines  in  the  neighborhood  were  incapacitated,  and 
I  believe  that  in  spite  of  the  acknowledged  aisad vantages, 
and  they  are  altogether  mechanical  disadvantages,  there  is  no 
lightning  protection  we  can  give  that  is  so  good  as  the  almost 
continuous  lightning  rod  afforded  by  such  a  barbed  wire.  Now, 
when  you  have  such  occurrences  as  Mr.  Stillwell  describes,  of 
an  actual  lightning  flash  striking  a  line,  I  am  reminded  of  what 
our  President  said  a  nuniber  of  years  ago,  in  discussing,  I  think, 
a  paper  of  Mr,  Wurte.  He  said,  "There  are  three  kinds  of  light- 
ning that  you  have  to  look  out  for.  First,  a  lightning  discharge 
in  the  neighborhood  of  the  line,  which  your  fightning  arresters 
generally  ^t  rid  of ;  second,  a  secondary  flash  that  strikes  the 
line,  and  that  your  lightning  arresters  will  probably  get  rid  of, 
though  probably  the  lightning  arresters  will  be  destroyed  ;  and, 
third,  a  direct  flash  which  strikes  the  line,  and  then  you  have  to 
trust  in  Providence  and  repair  what  is  left  of  the  station." 

Mr.  Stott. — Mr.  President,  in  connection  with  this  very  in- 
teresting, and  one  of  the  most  practical,  papers  we  have  had,  a 
point  comes  up  that  it  seems  to  me  would  justify  a  good  deal  of 
investigation  and  that  is  the  fact  of  resonance  being  established. 
Apparently  on  the  Buffalo  transmission  line  no«v  there  are  times 
when  such  conditions  obtain,  I  have  been  informed,  that  with 
a  ground  on  one  of  the  lines  arcs  will  be  established  between 
metallic  points  ten  inches  apart.  Apparently,  that  is  not  the 
e.  m.  f.  of  a  resonance  which  could  come  up  to  100,000  volts 
or  more.  I  know  our  President  has  been  taking  up  the  question 
of  resonance  very  closely,  and  I  think  it  would  be  very  inter- 
esting to  us  to  hear  what  his  opinion  is  on  these  effects. 

President  Steinmetz. — Gentlemen,  it  is  very  difficult  to  say 
what  is  the  cause  of  such  high  voltages  appearing  in  lines  which 
give  strokes  of  a  foot  or  so,  because  there  are  quite  a  number 
of  causes ;  but,  knowing  that  there  is  some  interference,  mali- 
cious or  otherwise,  on  the  system,  1  should  be  suspicious  of  this 
interference.  It  may  be  some  accidental  short  circuit  of  the  line, 
some  boys  throwing  wire  over,  or  some  machine  suddenly  chang- 
ing the  load,  or  any  other  circumstance  which  abruptly  changes  the 
conditions  existing  in  the  circuit  which  gives  rise  to  a  resonance 
voltage  practically  unlimited,  that  is,  limited  only  by  the  discharg- 
ing distance  from  a  charged  wire  to  the  next  ground  or  return 
circuit ;  but  the  most  prominent  source  of  disturbance  I  should 
suspect  would  be  an  accidental  short  circuit,  or  it  may  be  even  a 
moderately  high  resistance  short  circuit,  so  that  the  current  con- 
sumed by  the  short  circuit  would  not  be  noticeable  in  the  power 
house  in  a  system  of  such  enormous  magnitude. 

Mr.  Clarence  E.  Gifford. — In  connection  with  the  visit  of 
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August  22d,  which  included  one  of  the  railway  transformer  sta^ 
tions,  it  is  possible  that  an  account  of  some  difficulties  at  first 
experiencea  in  these  stations  in  regulating,  also  in  starting  rota- 
ries  after  a  shut  down  at  times  of  heavy  load,  and  the  manner  in 
which  some  of  these  difficulties  were  overcome  may  be  of  interest. 
It  should  be  here  noted  that  these  interruptions  generally  came 
from  causes  outside  the  station,  although  at  first  they  occurred 
freqaentlv  from  the  relay  which  trips  tlie  main  line  circuit- 
breakers  Deing  set  for  too  small  a  load. 

The  rotaries  are  400  k.  w.  three  phase,  the  armature  being 
single  wound  provided  with  contact  rings  at  one  end  and  com- 
mutator at  the  other,  as  was  probably  observed. 

The  compounding,  which  is  practically  perfect,  is  for  constant 
potential  at  the  ma<3iine,  and  the  d.  c.  voltage  is  about  600  when 
current  is  being  received  by  the  static  transformer  at  10,500 
volts,  and  25  cycles.  At  a  higher  periodicity  and  consequent 
increased  speed  of  the  rotary,  the  d.  c.  voltage  is  higher  in  pro- 
portion to  the  main  line  or  primary  a.  c.  voltage,  for  evident 
reasons. 

There  have  been  numerous  times,  especially  in  the  winter^ 
when,  durinff  the  middle  of  the  night,  the  speed  of  the  gener- 
ators at  the  Falls  was  so  increased  as  to  '^  make  Rome  howl  "  at 
the  transformer  stations.  The  a.  c.  voltage  would  be  generously 
kept  up  to  12,000  and  sometimes  rise  to  18,000.  Oi  necessity, 
on  account  of  lamps  at  that  time  used  in  the  cars — five  110  volt 
lamps  in  each  series, — the  rotary  fields  had  to  be  weakened  to 
the  full  extent  of  the  rheostat,  still  giving  a  d,  c.  voltage  of  600 
to  625,  with  the  car  lamps  lighting  up  like  small  arcs.  The  a.  c. 
ammeter  reading  was,  of  course,  disproportionate  to  the  output 
of  the  rotary.  In  this  current,  the  wattless  component  (so  called) 
was  certainly  very  greatly  in  excess  of  the  power  component, 
but  viewed  with  regard  to  heating  effects,  phase  displacement  is 
plainly  without  influence. 

So  far  as  the  attendants  of  the  railway  power  stations  are  con- 
cerned their  ability  has  been  somewhat  underrated,  and  the  dif- 
ficulties with  which  they  have  to  contend  have  not  been  men- 
tioned. Salaries  as  small  as  $52.50  are  paid  in  this  vicinity,  but 
most  of  the  rotary  transformer  attendants  receive  from  $72  to 
$81  per  month,  which  piices,  although  not  especially  attractive, 
yet  permit  men  of  fair  standing  in  the  profession  to  obtain  prac- 
tical experience  in  the  operation  of  Such  machinery  without  any 
serious  privation  financially;  and  this  has.  in  some  cases  been 
done  in  this  city. 

From  a  preceding  paragraph  it  will  be  seen  that  there  are 
times  when  the  proper  regulation  of  the  power  factor  is  forced 
out  of  the  problem  by  other  considerations  which  are,  for  the 
time,  imperative. 

The  "horse  sense,"  however,of  almost  any  careful  attendant,  has 
been  found  to  cause  him   ordinarily  to  give  such  field  regu- 
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lation  as  results  in  the  smallest  reading  of  the  a.  c.  ammeter.  If 
he  is  ignorant  of  the  effects  of  phase  displacement  he  attaches 
even  greater  importance  to  proportionately  excessive  readings  of 
the  a.  c.  ammeter. 

Rptaries  are  started  as  d.  c.  motors  synchronized  and  thrown 
on  to  the  power  line.  The  method  of  starting  by  throwing 
directly  on  to  the  power  line,  the  tield  circuit  being  open  at 
starting  and  then  closed  after  the  machine  is  np  the' speed,  should 
not  be  considered  where  other  means  are  available. 

Starting  a  large  machine  in  the  above  manner  seriously  disturbs 
the  system,  and  its  d.  c.  polarity  when  thus  started  is  entirely  a 
matter  of  chance. 

Each  of  the  stations  fetds.one  or  more  of  its  lines  in  commoTi 
with  another  station.  By  plugging  the  circuit-breakers  at  both 
ends  of  the  lines  thus  extenaing  from  one  station  to  another, 
feed  for  th^  lines  of  a  station  temporarily  closed  down  may  be 
obtained  from  neighboring  stations,  ("urrent  for  starting  is  also 
thus  provided.  Tliree  of  the  stations,  including  the  one  having 
the  steam  plant,  have  now  also  each  a  storage  battery  of  2,000 
ampere  hours  capacity,  which  may,  if  necessary,  be  discharged  in 
one  hour. 

Previous  to  the  installation  of  all  but  the  first  one  of  these  bat- 
teries, the  starting  of  a  station  at  times  of  heavy  load  was  a  seri- 
ous matter,  as  the  voltage  at  the  d.  c.  bus-bar  was  generally  very 
low,  sometimes  dropping  to  350  volts,  fluctuating  with  extreme 
suddenness  through  a  range  of  75  or  even  100  volts.  The 
rotaries,  as  first  installed,  received  current,  in  starting,  from 
the  positive  bus-bar,  through  the  positive  switch,  series  field,  arm- 
ature, starting  rheostat,  back  to  the  negative  bus ;  the  negative 
switch  bein^  closed  after  the  starling  rheostat  was  fully  cut  out. 
Synchronizmg  was  of  course  done  by  regulation  of  the  shunt 
field.  This,  however,  with  the  series  field  winding  acting  in 
opposition  to  the  shunt  winding,  was,  when  the  voltage  fluc- 
tuated widely  and  rapidly,  an  exasperating  task. 

Heavy  switches  shunting  the  series  winding  were  finally  placed 
on  the  machines.  Previous  to  that  addition,  however,  the  writer 
had  the  following  method  adopted  by  several  of  the  attendants, 
and  it  proved  eminently  satisfactory,  even  more  so  than  the  use 
of  shunting  switches,  inasmuch  as  the  latter  offer  some  resistance, 
especially  at  contacts,  and  therefore  do  not  entirely  eliminate  the 
effects  of  the  series  winding  which  is  itself  of  very  low  resistance. 

In  case  all  machines  in  the  station  were  shut  down,  and  No.  1 
machine  was  to  be  started  first,  the  following  course  was  pur- 
sued : 

The  equalizing  switches  (located  on  the  machines)  of  both  No. 
1  and  No.  2  machines  were  closed ;  this  connected  the  positive 
brushes  of  one  machine  directly  to  the  positive  brushes  of  the 
other  machine  No.  2  machine  for  the  time  stands  idle,  its  series 
field  circuit,  positive  cable  and  switch,  together  with  the  equal- 
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izer  cable,  serving  merely  the  purpose  of  making  connection  from 
the  positive  bus-bar  to  the  positive  bru-bes  of  No.  I  (the  machine 
to  be  started)  at  the  same  time  leaving  the  series  fields  of  No.  1 
open  circuited,  and  thus  entirely  inoperative.  No.  2  positive 
switch  is  now  closed,  No.  J  positive  switch  being  left  open. 

No.  1  machine  is  then  started,  by  the  usual  means  of  the  rheo- 
stat, as  a  simple  shunt  machine,  and  synchronizes  beautifully  under 
the  most  extreme  conditions. 

Variations  of  50  volts  produce  extremely  small  variations  in 
the  speed  of  one  of  these  machines  when  running  as  a  d.  e.  shunt 
motor,  while  the  variations  in  speed  may  be  so  great  under  the 
same  conditions  with  the  o/d  method  of  starting,  that  only  quick 
regulation  and  a  cool  head  could  prevent  danger. 

The  positive  switch  of  No.  1  is  not  closed  until  after  the  ma- 
chine has  been  thrown  on  to  the  alternating  line.  At  the 
moment  of  throwing  power  on  the  machine  its  connection  with 
the  d.  c.  line  is  not  opened,  as  was  necessary  under  the  old 
method  to  prevent  its  loading  up  to  the  extent  of  blowing  open 
the  d.  c.  breakers. 

As  a  shunt  machine,  it  will  pick  up  a  load  of  25  to  30  amperes. 
The  fields  are  now  regulated  to  reduce  this  load  to  about  five 
amperes,  and  the  positive  switch  then  thrown  in,  when  further 
regulation  is  made  as  desired. 

To  start  one  machine  when  the  other  is  running:,  simply  close 
both  equalizer  switches,  leaving  open  the  positive  switch  of  the 
machine  being  started  until  after  tne  machine  is  thrown  into  ser- 
vice.    The  process  is  otherwise  the  same  as  above  described. 

The  above  process  absolutely  avoids  danger  and  is  eminently 
satisfactory.  The  use  of  "  shunting  switches "  is  also  said  to 
give  good  results.  In  throwing  a.  c.  power  on  a  machine  it  is 
preferable  to  have  the  machine  running  slightly  /aster  than  it 
will  be  driven  by  the  line,  instead  of  slower^  as  a  heavy  armature 
in  dropping  into  step  will  tend  to  feed  the  line,  whereas  the 
{oreea  acceleration  of  an  armature  is  apt  to  disturb  the  system  to 
a  greater  extent. 

The  desired  condition  is,  of  Tjourse,  easily  obtained  by  increasing 
the  speed  of  the  machine  while  running  as  a  d.  c.  motor,  until  it 
unmistakably  passes  the  point  of  slowest  fluctuation  of  the  syn- 
chronizing lamps  and  said  fluctuation  again  becomes  more  rapid. 
The  speed  is  then  slowly  and  continuously  reduced  to  a  satisfac- 
tory point  where  the  fluctuations  are  still  slightlj'  above  the 
slowest  point,  and  the  switches  then  thrown. 

Any  statements  made  in  these  notes  concerning  the  operation 
of  rotaries  junder  abnormal  conditions  should  not  be  construed  as 
prejudicial  to  the  use  of  synchronous  rotary  transformers  as 
compared  with  motor  generators,  as,  everything  considered,  the 
transformer  is  preferred. 

The  condemnation  should  rather  be  against  the  extreme  con- 
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ditions  which  arose  from  the  improper  handling  of  the  genera- 
tors at  the  Falls,  which  woald  seem  entirely  inexcasaUe. 

Fbesident  Steikmetz  : — If  there  is  no  further  discussion  on 
this  paper  we  will  proceed  to  the  next  topic  on  the  program  for 
to-day,  which  is  the  reading  of  Mr.  Wurts'  paper  on  the  Wemst 
Lamp.  This  paper  has  been  printed  in  the  Transactions  and 
has  been  distributed  several  times  in  the  last  few  dajs,  and 
I  am  sure  is  in  your  hands. 
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DEYELOPMENT  OF  THE  NEKNST  LAMP  IN 
AMEKICA.* 


BY    ALEXANDER   JAY    WURT8. 

It  was  in  1897  that  Mr.  Heury  Noel  Potter,  while  in  the  em- 
ploy of  Mr.  WestinghonsG,  at  Goettingen,  became  acquainted 
with  the  Nernst  lamp.  Early  in  1898,  Dr.  Nernst,  Mr.  Potter 
and  an  assistant  came  to  East  Pittsburg  at  Mr.  Westinghouse's 
request  and  exhibited  the  new  discovery.  Mr.  Westinghouse 
quickly  recognized  its  great  possibilities  and  directed  the  writer 
to  prepare  for  its  commercial  introduction.  A  happy  choice 
brought  Mr.  Marshall  W.  Hanks  to  my  assistance.  Mr.  Potter 
returned  to  Goettingen  to  study  some  of  the  details  of  the  work. 
In  June,  1899,  Mr.  Edward  Bennett  joined  us,  as  did  also  Mr. 
Frederick  M.  Goddard  a  month  or  two  later,  who  had  been 
assisting  Mr.  Potter  in  Germany,  but  unfortunately  in  Decem- 
ber of  that  year,  Mr.  Goddard  contracted  a  violent  cold  from 
which  he  never  recovered.  In  February,  1900,  Mr.  Murray 
Charles  Beebe  joined  us  and  in  August  of  the  same  year,  Dr. 
Max  von  Recklinghausen. 

I  have  thus  briefly  introduced  the  characters  who  have  worked 
upon  the  Nernst  lamp  in  America  and  without  whose  names  its 

1.  Explanatory  Notes. — The  Hefner  unit  of  candle  power  has  been 
adopted  in  this  paper  so  that  ready  comparisons  may  be  made  with  results  ob- 
tained  on  the  Nernst  lamp  in  European  countries. 

Name9  of  Parts  in  the  Nernst  Lamp : — The  '* glower"  is  the  filament  or 
light-giving  body.  The  "  ballast "  is  a  steadying  resistance  connected  in  ser- 
ies with  each  glower.  The  ** holder"  is  the  remoyable  piece  containin/? 
glowers  and  heaters.  The  "  heater> porcelain "  is  the  porcelain  disk  in  the 
holder  immediately  back  of  the  heater.  The  "  heatep-case  "  is  a  small  glass 
globe  used  in  the  six-glower  and  thirty-glower  lamps. 
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history  would  be  incomplete ;  my  only  regret  being  tliat  these 
gentlemen  are  not  all  present  on  this  occasion  to  share  in  the 
pleasure  of  announcing  to  the  American  Institute  of  Elbo- 
TRiOAL  Engineers  the  results  of  our  work  upon  the  Nemst 
lamp. 

The  Glower. 

It  is  not  my  purpose  to  describe  the  details  of  our  experi- 
ments, but  rather  to  give  the  results  of  our  work.  Let  us  begin 
with  the  glower,  so  named  to  distinguish  it  from  the  filament  of 
the  incandescent  lamp. 

Our  standard  220-volt  glower  is  about  25  millimetres  long  and 
.63  of  a  millimetre  in  diameter.  It  is  made  by  expressing  from 
a  die  a  dough  made  of  the  rare  earths  mixed  with  a  suitable 
binding  material,  cutting  the  porcelain-like  string  thus  made  into 
convenient  lengths,  drying,  roasting,  and  iinally  attaching  lead 
wires.  This  sounds  very  simple,  but  the  making  of  glowers  is 
an  art  not  easily  acquired;  it  is  the  result  of  long  and  painstaking 
investigation,  particularly  with  reference  to  tlie  terminal  connec- 
tion between  the  glower  and  lead  wire.  This  connection,  as  Dr. 
Nernst  made  it,  consisted  of  a  few  turns  of  platinum  wire  wound 
around  each  end  of  the  glower,  the  convolutions  being  finally 
pasted  with  cement.  This  forms  a  successful  and  eflFeetive  ter- 
minal, but  the  shrinkage  of  the  glower  ends,  away  from  the 
convolutions  of  platinum  wire  sometimes  causes  the  contact  to  de- 
teriorate, resulting  in  the  weakening  and  early  destruction  of  the 
glower  near  the  terminal.  In  the  Hanks  terminal,  these  condi- 
tions are  reversed.  A  platinum  bead  is  embedded  in  the  end  of 
the  glower  in  such  a  manner  that  any  tendency  to  shrink  on  the 
part  of  the  glower  material  can  result  only  in  tightening  the  con- 
tactand  thereby  maintaining  intimate  union  between  the  platinum 
bead  and  the  glower.  It  is,  then,  a  siiiiple  matter  to  fuse  lead 
wires  to  the  embedded  platinum  beads. 

The  glower,  as  you  all  know,  is  a  non-conductor  when  cold,  be- 
coming, however,  a  conductor  when  heated.  It  is  also  an  elec- 
trolyte; but  it  may  be  fairly  stated  that  this  phenomenon  is  not 
clearly,  if  at  all,  understood.  Oxygen,  however,  seems  to  be 
necessary,  or  at  least  desirable,  for  its  successful  operation.  As 
might  be  expected,  no  electrolytic  action  is  apparent  when 
operating  with  alternate  current.  With  direct  current,  the  elec- 
trolytic action  is  quite  marked,  resulting  in  a  black  deposit  on 
the  negative  end  of  the  glower,  which  spreads  gradually  from 
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the  nefgative  toward  the  positive  terminal.  As  this  deposit  in- 
creases, the  voltage  of  the  glower  changes  somewhat,  and  the 
candle  power  and  efficiency  fall  off,  owing  to  the  poor  light- 
emitting  properties  of  the  blackened  portion.  The  life  of  the 
glower  on  alternating  current  is  about  800  hours ;  with  the  same 
glower  on  direct  current,  it  is  considerably  less  than  this.  There 
are,  however,  radical  improvements  being  made  in  direct  current 
glowers. 

A  glower  burns  at  a  higher  efficiency  in  its  own  heat,  that  is,- 
in  a  globe,  than  it  does  in  the  open  air.     We  shall  refer  again  to 


Characi 

XRISIJ 

c.    or 

f;iov| 

JFR     It 

VAr 

HUM 

?0f 

A9r 

p 

^y^' 

\ ^ 

- 

m 

/ 

m 

m 

I5L 

\ 

\^ 

l4i 

i 

\ 

m 

\ 

•2 

m 

\ 

\ 

tlCi 

\ 

tOL 

V 

N 

ar 

AMP 

IRES. 

^^ 

ftt  M. 

M    Bm»4 

M 

\           A 

>           ./ 

J 

i      i 

}             1 

V     — ' 

Fig  1. 


this  feature  in  connection  with  the  multiple  glower  lamp.  The 
glower  is  about  as  strong  as  a  piece  of  porcelain  of  the  same  size, 
and  it  is  difficult  to  break  a  short  section.  The  terminals  of  a 
glower  give  off  platinum  black,  which  deposits  on  the  globe; 
and  although  this  cannot  be  wiped  off  with  a  cloth,  it  is  easily 
removed  in  a  variety  of  ways,  so  that  the  globe  may  be  considered 
a  permanent  fixture  in  the  lamp,  and,  for  that  reason,  may  assume 
fancy  designs.     When   properly  made,  the  voltage  of  a  glower 
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changes  but  slightly  during  its  life,  the  tendency  being  to  rise 
from  two  to  four  per  cent,  in  800  hours.  For  a  short  time  before 
rupture,  the  voltage  rises  rapidly  until  the  glower  is  broken. 

The  characteristic  of  a  glower  with  reference  to  voltage  and 
current  is  remarkable,  and  has  given  rise  to  the  necessity  of  a 
steadying  resistance.  As  the  current  in  the  glower  is  increased^ 
the  voltage  across  its  terminals  rises,  at  first  rapidly,  and  then 
more  and  more  slowly  to  a  maximum,  beyond  which  it  again  drop& 
off  with  increasing  rapidity  as  the  current  and  resulting  tempera- 
ture through  the  glower  continue  to  increase.  Beyond  the  point 
of  maximum  voltage,  the  decrease  in  resistance  of  the  glower  is 
so  rapid  as  to  make  the  current  difficult  of  control.  In  fact, 
without  a  steadying  resistance,  such  a  conductor  would  rapidly 
develop  a  short-circuit  and  flash  out.  The  characteristic  of  a 
Nernst  glower  is  shown  in  curve  1,  Fig.  1,  the  small  circle 
situated  near  the  crest  of  the  curve  representing  the  point  of  1.76 
watts  per  candle  in  the  open  air. 

In  studying  the  characteristics  of  the  glower  and  seeking  for 
methods  of  operation  under  the  best  possible  conditions,  we 
naturally  exploited  the  field  in  various  gases  including  a  vacuum, 
and  although  the  experiments  in  this  direction  have  not  been 
exhaustive  from  a  scientific  standpoint,  the  results  have  been 
negative  as  far  as  practical  results  are  concerned,  and  have  de- 
monstrated that  for  the  present,  at  least,  there  is  nothing  to  be 
gained  in  this  direction.  The  vacuum  curve  and  corresponding 
air  curve  are  shown  in  Fig.  1.  Aside  from  the  fact  that  the 
vacuum  has  shifted  the  point  of  1.76  watt  efficiency  to  a  much 
lower  voltage  and  higher  current  density,  it  will  be  observed  that 
all  the  points  of  the  curve  now  lie  on  one  side,  giving  a  decreas- 
ing difference  of  potential  for  an  increasing  current.  Such  a 
condition  as  this  involves  the  use  of  a  relatively  large  steadying^ 
resistance,  and  renders  the  operation  of  the  glower  inefficient^ 
Fig.  2  shows  the  nitrogen  curve  with  corresponding  air  curve,, 
and  it  will  be  observed,  as  in  the  case  of  the  vacuum,  that  this 
gas  has  also  rendered  necessary  a  large  steadying  resistance  and 
has  thereby  lowered  the  available  efficiency  of  the  glower.  In 
Fig.  3,  we  have  both  the  oxygen  and  hydrogen  curves  to  com- 
pare with  the  air  curve.  It  is  interesting  to  note  how  closely  the 
oxygen  and  air  curves  compare  with  each  other,  while  the  hydro- 
gen curve  shows  characteristics  similar  to  that  of  the  vacuum, 
curve  requiring  a  large  steadying  resistance. 


Digitized  by  VjOOQ IC 


iiM)i.] 


WURT8  ON  THE  NBRN8T  LAMP, 


549 


There  is  an  interesting  phenomenon  connected  with  glowers 
operating  in  a  space  free  from  oxygen,  and  which  seems  to  be 
especially  pronounced  when  operating  in  a  vacuum.  Where 
oxygen  is  excluded,  the  glower  seems  to  be  sluggish  and  to 
respond  but  slowly  to  changes  in  line  voltage.  The  curves  in  Fig. 
4  show  this  sluggish  action  in  a  vacuum.  The  line  voltage  is  in- 
dicated by  a  dotted  line  in  the  upper  part  of  the  diagram,  begin- 
ning with  270  volts.  The  upper  solid  curve  shows  the  change 
of  current  value  during  a  lapse  of  time  indicated  in  minutes; 
while  the  lower  curve  shows  the  change  in  voltage  on  the  glower 
during  the  same  interval.  Previous  to  this  test,  the  glower  had 
been  run  at  .25  of  an  ampere  for  half  an  hour,  after  which  the 
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line  voltage  was  raised  20  volts  and  the  current  values  and  dif- 
ferences of  potential  on  the  glower  were  taken  at  intervals  for 
ten  minutes,  resulting  in  the  curves  shown.  Shortly  after  the 
completion  of  this  test,  the  line  voltage  was  lowered  20  volts, 
when  the  glower  again  adjusted  itself  slowly  to  the  new  condi- 
tions, and  returned  to  its  original  current  and  difference  of 
potential.  In  air,  the  glower  would  have  responded  almost  im- 
mediately to  similar  changes  in  line  voltage.  It  is  likely  that  the 
slight  changes  in  both  cases  after  the  first  minute  are  largely,  if 
not  entirely,  due  to  the  temperature  correction  of  the  resistance 
that  was  connected  in  series  with  the  glower. 
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The  advantage  to  be  gained  hy  the  use  of  a  steadying  resistance 
which  would  enable  the  glower  to  be  operated  eflSciently  at  a  point 
on  or  beyond  the  crest  in  the  characteristic  curve,  was  well  recog* 
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nized.  To  accomplish  this  under  all  conditions  of  commercial 
use,  and  with  as  little  loss  as  possible  under  normal  conditions,  the 
steadying  resistance  should  have  as  large  a  positive  temperature 
correction  as  possible  and  this  temperature  correction  should 
always  be  immediately  available.  For  example,  if  the  glower 
were  operated  on  or  beyond  the  crest  of  the  characteristic,  the 
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current  could  obviously  be  controlled  by  a  suflSciently  large 
steadying  resistance  having  no  temperature  correction,  but  such 
resistance  would  very  materially  decrease  the  net  eflSciency  of  the 
glower.     On  the  other  hand,  if  the  resistance  is  assumed  to  have 
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a  high  temperature  coefficient,  the  necessary  steadying  resistance 
under  normal  conditions  maj'  be  very  much  less  than  when  no 
temperature  correction  is  present,  and  then  should  there  be  an 
increase  in  electro-motive  force  above  normal,  the  corrective 
power  of  the  steadying  resistance  would  be  brought  into  play  to 
check  any  abnormal  flow  of  current  through  the  glower;  in  other 
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words,  to  take  up  the  additional  voltage.  As  already  stated,  how- 
ever, the  temperature  correction  should  be  im77i<?rfui^Zy  available, 
for  if  it  were  not,  the  glower  would  "  shoot  over  "  when  lighting 
above  the  normal  pressure,  that  is,  take  more  current  at  the  start 
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than  it  would  a  little  later  after  the  temperature  correction  of 
the  steadying  resistance  had  asserted  itself.  The  same  would  also 
be  the  case  with  any  sudden  increase  in  the  electromotive  force 
applied  to  the  glower,  unless  the  corrective  power  of  the  steady- 
ing resistance  were  immediately  available  to  check  the  current 
flow. 
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Mr.  Potter  has  designed  a  steadying  resistance  or  "  ballast,"  as 
he  has  named  it,  which  is  certainly  unique  in  construction  and 
which  meets  in  a  very  effective  manner,  the  peculiar  require- 
ments of  the  glower.  Iron  wire  is  used  on  account  of  its  high 
temperature  correction,  and  by  properly  mounting  this  in  a  small 
glass  tube  filled  with  some  inert  gas,  he  has  secured. a  ballast 
having  at  once  a  high  corrective  power  with  minimum  resistance 
nnder  normal  conditions  and  oxygen  being  entirely  excluded,  the 
wire  can  readily  be  worked  throughout  the  entire  high  corrective 
region  without  danger  of  destruction.  This  remarkable  character- 
istic of  the  ballast  is  well  shown  in  Fig.  5,  from  which  it  will  be 
noticed  that  for  a  10%  rise  in  current,  the  resistance  of  the  ballast 
increases  150^,  so  that  a  glower  thus  protected  becomes  at  once 
operative  throughout  a  wide  range. 

The  Heater. 

As  already  stated,  the  glower  is  a  non-conductor  when  cold, 
becoming,  however,  a  conductor  when  heated.  For  practical 
service  in  a  lamp,  therefore,  it  is  necessary  that  some  means  be 
provided  for  heating  the  glower  and  bringing  it  to  a  conducting 
temperature.  This  topic  could  well  form  the  subject  of  a  paper 
by  itself,  but  time  will  permit  me  to  review  but  briefly  the  develop- 
ments made  in  this  direction.  Some  of  the  lamps  which  Dr.  Nernst 
brought  with  him  from  Europe  were  fitted  with  electric  heaters, 
while  others  were  intended  to  be  heated  by  an  alcohol  lamp  or 
even  by  a  match.  The  further  refinements  of  the  lamp  imposed 
new  and  severe  requirements  upon  the  heater.  It  is  therefore 
especially  gratifying  that  we  can  announce  the  construction  of  a 
simple,  satisfactory  and  effective  heater,  suited  to  tlie  require- 
ments of  the  latest  forms  of  the  lamp.  The  glower  is  lighted  at 
a  temperature  of  about  950®  C,  and  it  will  be  readily  apparent 
that  to  acquire  such  a  temperature  quickly  and  without  rapid 
destruction  ofthe  heater  and  adjacent  parts,  renders  the  selection  of 
the  materials  a  very  serious  problem.  Platinum  for  the  heater 
seems  an  undesirable  expense  in  a  commercial  lamp,  and  although 
many  attempts  have  been  made  to  devise  a  cheap  mineral  heater, 
platinum  still  holds  its  own  as  the  least  expensive,  the  most 
durable,  and  altogether  the  most  desirable  material  for  this  pur- 
pose. The  actual  expense,  however,  is  not  so  serious,  because  when 
the  platinum  heater  is  burned  out,  the  value  of  the  scrap  is  nearly 
90^  of  the  original  cost,  and  as  the  labor  is  almost  negligible,  the 
running  cost  of  the  heater  is  small. 
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As  now  constructed,  the  heater  consists  of  a  thin  porcelain 
tnbe  overwound  with  a  fine  platinum  wire  pasted  with  cement, 
the  letter  serving  as  a  protection  to  the  platinum  wire  from  the 
intense  heat  of  the  glowers.  These  tubes  are  wound  for  110 
volt5  and  are  connected  in  pairs  of  two  in  series  according  to  the 
service,  the  one,  two,  and  three-glower  lamps  taking  one  pair,  and 
the  six-glower  two  pairs.  These  heater  tubes  are  mounted  on  a 
porcelain  support  in  such  a  manner  as  to  aflEord  easy  access  for 
repairs  without  removing  the  glowers.  The  life  of  the  heater 
when   running   continuously  is   about  200  hours,  or  133  hours 
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when  the  current  is  turned  on  and  oft  4,000  times  at  regular  in- 
tervals. Inasmuch  as  the  heater  is  not  called  into  service  for 
more  than  about  30  seconds  to  light  the  glowei*s,  this  would  in- 
dicate a  practically  infinite  life.  In  actual  service,  however,  the 
heater  remains  in  close  proximity  to  the  glowers  and  the  high 
temperature  to  which  it  is  thereby  subjected  causes  a  material 
decrease  in  its  life.  Nevertheless,  the  life  of  the  heater  is  sur- 
prisingly long,  probably  several  thousand  lamp  hours.  The  ave- 
rage life,  however,  cannot  be  definitely  determined  until  a  large 
number  of  lamps  heve  been  opeiated  over  a  very  considerable 
period  in  general  commercial  lighting. 
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Cut-outs. 

An  automatic  larap  requires  a  cut-out  to  disconnect  the  heater 
from  the  circuit  as  soon  as  the  gl^ower  shall  have  lighted.  This  is 
another  one  of  those  details  that  Dr.  Nernst  developed  and  ex- 
hibited in  some  of  his  early  lamps,  but  which  we  have  sought  to 
still  further  perfect  and  to  adapt  to  the  special  types  of  lamp 
which  we  have  constructed.  The  cut-out  includes  a  coil,  a  mov- 
ing member  and  a  contact,  all  of  which  must  function  at  a  tem- 
perature of  about  110^  C.  without  possibility  of  failure.  The 
coil  must  therefore  be  heat  proof,  the  contact  must  not  weld,  and 
the  moving  member  should  not  hum  on  alternating  current. 
These  requirements  are  severe,  but  they  have  kll  been  met  in  a 
most  effective  and  satisfactory  manner  by  embedding  the  coil  in 
cement,  by  making  the  contact  of  silver,  and  by  suspending  the 
moving  member  from  a  single  point  of  support. 

The  latter  feature  of  the  cut-out  is  illustrated  in  Fig.  6 ;  1  is 
the  coil ;  2  the  core  ;  3  the  armature  or  moving  member,  which 
is  round  in  section  ;  4  is  a  silver  band  which  makes  contact  by 
gravity  with  two  silver  wires  not  shown,  forming  a  V;  5  is  a 
strip  of  sheet  steel  .007  of  an  inch  thick,  which  is  inserted  into 
the  armature  and  securely  held  by  a  pin  ;  6  is  small  steel  rod  or 
support  for  the  armature ;  and  7  is  a  hole  in  the  steel  strip  5, 
somewhat  larger  in  diameter  than  the  pin  6,  so  that  when  the 
armature  is  attracted  by  the  magnet,  there  is  practically  only  a 
single  point  of  contact  between  the  strip  5  and  the  supporting 
pin  6.  This  construction  has  resulted  in  a  cut-out  which  entirely 
avoids  the  humming  sound  so  persistent  in  the  ordinary  types  of 
alternating  current  apparatus. 

Lamps. 

The  lamps  thus  far  developed  are  indicated  in  the  following 
table: 


candle  Power* 

Volt&ge. 

NO.  Of  Glowers. 

Stylo. 

50 

110 

I 

Indoor 

50 

110 

1 

Outdoor 

50 

220 

1 

Indoor 

50 

220 

1 

Outdoor 

100 

220 

2 

Indoor 

170 

220 

8 

Indoor 

400 

220 

6 

Indoor 

400- 

220 

6 

Outdoor 

2000 

220 

30 

Indoor 
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The  main  features  are  the  same  in  all.  The  indoor  lamps  are 
provided  with  ornamental  spun  braes  housings;  the  outdoor 
lamps  with  neat  japanned  cast-iron  housings.  Single  glower 
lamps  have  single  pole  cut-outs,  whereas  all  the  multiple  glower 
lamps  are  provided  with  double  pole  cut-outs,  the  reason  for  this 
diflference  being  that  the  extremely  high  temperature  in  the  im- 
mediate neighborhood  of  a  number  of  glowers  tends  to  establish 
leakage  currents  between  the  glowers  and  heaters,  unless  the 
latter  be  entirely  disconnected  from  the  circuit. 

We  will  examine  in  detail  the  six-glower  lamp  as  typical  of  all 
the  others.  This  lamp  is  suspended  from  an  eye-bolt  which 
being  removed,  allows  of  immediate  access  to  the  inner  parts. 
On  removing  the  housing,  we  find  that  the  ballasts  are  placed  in 
a  semi-circle  around  the  cut-out,  the  arrangements  of  the  parts 
being  such  as  to  make  all  easy  of  access.  The  connections  are 
made  with  small  aluminium  plugs  on  the  ends  of  the  intercon- 
necting wires  which  avoid  the  many  familiar  inconveniences 
associated  with  set  screws.  All  the  parts  are  mounted  on  porce- 
lain ;  in  fact,  there  is  no  combustible  material  whatever  in  the 
lamp.  The  heaters  and  glowers  are  attached  to  a  removable 
piece  or  ''holder,"  the  design  being  such  that  the  heaters  backed 
by  a  porcelain  disk  are  immediately  above  the  glowers,  resulting 
in  the  following  advantages :  Stagnation  of  heat  from  the  heater, 
thereby  lighting  the  glowers  in  minimum  time ;  no  shadows, 
nearly  all  the  light  being  thrown  downward  where  it  is  ordinarily 
most  desired  ;  stagnation  of  heat  from  the  glowers  whereby  the 
latter  are  run  in  their  own  heat  and  therefore  at  a  higher  effi- 
ciency than  they  would  otherwise.  The  glowers  and  heaters  are 
attached  to  the  binding  posts  of  the  holder  by  means  of  small 
aluminium  plugs,  so  that  the  perishable  members  are  always 
easily  and  conveniently  interchangeable.  The  holder  is  provided 
with  nine  contact  prongs,  which,  when  the  holder  is  pushed  up 
into  the  lamp,  automatically  make  the  desired  connections. 
These  are  shown  in  Fig.  7  ;  1  and  2  represent  the  line  terminals; 
3  the  actuating  coil ;  4  and  4  the  double  pole  cut-out ;  5  the 
heater;  6  the  glowers  ;  and  7  the  ballasts,  there  being,  of  course, 
one  ballast  for  each  glower.  A  small  glass  globe,  called  the 
"  heater-case,"  is  held  by  spring  clamps  around  the  glowers,  the 
function  of  which  is  to  retain  the  heat  and  thereby  decrease  the 
time  of  lighting  as  well  as  increase  the  efficiency  o£  the  glowers. 
In  service,  the  ''  heater   porcelain,"  which   is  the  porcelain  disk 
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immediately  above  the  heater,  becomes  coated  with  a  thin  layer 
of  platinum  black,  unless  measures  are  taken  to  prevent  it,  and 
this  not  only  decreases  the  illuminating  power  of  the  lamp,  but  if 
not  removed,  will  in  course  of  time  become  conducting  and  cause 
leakage  of  current.     No  simple  means  have  been  discovered  for 


Fig  7. 


removing  the  platinum  black  from  the  porcelain  surface.  This 
diflSculty,  nevertheless,  has  been  avoided  by  coating  the  surface 
of  the  porcelain  with  a  thin  layer  of  white  paste,  which  may  be 
easily  removed  with  a  stiff  brush  or  scraper.  The  platinum 
black  now  deposits  on  this  coating,  both  of  which  may  be  re- 
moved together,  leaving  the  fresh,  white  surface  of  the  original 
porcelain  to  be  recoated  for  further  service ;  but  even  should  the 
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platinum  black  be  allowed  to  accumulate,  all  danger  of  leakage 
currents  is  avoided  by  surrounding  tlie  holes  through  which  the 
lead  wires  pass,  by  small  annular  rings  or  grooves,  it  having  been 
discovered  that  the  platinum  black  will  not  deposit  in  these  small 
spaces;  the  continuity  of  the  platinum  black  surface  between 
the  lead  wires  is  thereby  interrupted.  For  higher  candle  powers, 
the  six-glower  holder  is  used  as  a  unit  and  this  may  be  multiplied 
to  any  desired  limit. 

The  quality  of  the  light  is  remarkable  for  its  beauty  and  close 
approximation  to  daylight.  All  colors  are  seen  in  their  proper 
shade,  making  the  light  especially  desirable  in  stores,  art  gal- 
leries, drawing-rooms  and  the  like.  The  absence  of  shadow,  the 
steadiness  of  the  light,  the  simplicity  and  low  cost  of  maintenance, 
the  high  efficiency  of  the  lamp,  and  the  fact  that  it  is  operative  on 
3,000  alternations,  are  features  that  will  commend  themselves 
strongly  to  the  lighting  world. 

Efficiency. 

It  is  not  an  easy  matter  testate  the  efficiency  of  a  light,  and  the 
difficulties  are  especially  pronounced  in  the  case  of  the  Nemst 
lamp.  It  would  seem  desirable,  therefore,  to  give  the  results  of 
various  methods  of  measurement  and  comparison  rather  than  to 
make  any  definite  statement  based  on  any  particular  method  or 
set  of  readings.  Referring,  therefore,  to  the  six-glower,  220-volt, 
alternating  current  lamp,  from  which  most  of  the  data  has  been 
obtained,  we  may  note  the  following: 

A  220-volt  glower  operating  at  its  normal  current  of  A  of  an 
ampere,  requires  20  volts  more  in  the  open  air  than  when  burn- 
ing with  five  other  glowers  in  a  three-inch  globe.  The  lower 
voltage  and  consequently  the  improved  efficiency,  when  multiple 
glowers  are  placed  in  a  globe,  is  due  to  the  fact  that  the  glowers 
are  operating  in  a  highly  heated  atmosphere.  The  efficiency  of 
the  six-glower  lamp  with  clear  heater  case,  but  witliout  the  dome 
shade,  is  1.2  watts  measured  in  the  direction  of  greatest  intensity. 

A  more  satisfactory  statement  will  be  found  in  the  accom- 
panying table  giving  the  spherical  and  lower  hemispherical  effi- 
ciencies of  the  six-glower  Nernst  lamp,  together  with  the  cor- 
responding figures  for  alternating  current  and  direct  current  en- 
closed  arc  lamps: 
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Mean  Inteosity  in  H.  U. 

Watts  per  Mean  H.  U. 

Spherical. 

Lower 
Hemisphere. 

Spherical. 

Lower 
Hemisphere. 

I 

U 

1 

.1 

1 
1 

i 

9 
0 

1 

*? 

I 
t 

t 

1 
s 

tr. 

i 

s 
0 

1 

1 

i 

C/1 

i 

I 
1 

2 
0 
s 

«;' 

6- Glower. 

220 

».35 

5V 

i.o 

0 
149* 

u 

147 

0 

0 

879 

0 
3.47 

— 

3.5 

0 
a.  IS* 

0 

— 

X.85 

A.  C.  Arc. 

no 

6.89 

4.7 

.6 

130 

159 

<52 

1 
—  X90 

254 

3.21 

2.6a 

2.49 

- 

a. 23 

1.48 

D.  C.  Arc. 

no 

.., 

539 

1.0 

177 

ao7 

— 

—  973 

— 

3.03 

2  60 

— 

— 

1.98 



An  opal  inner  globe  or  heater-case  was  used  in  all  cases  except  the  four  readings  marked  *. 
*A  clear  heater-case  and  sandblasted  spheriral  globe  were  used. 

The  arc  lamp  figures  were  taken  from  the  Report  of  the  Com- 
mittee for  Investigating  the  Photometric  Values  of  Arc  Lamps, 
read  before  the  National  Electric  Light  Association  in  May, 
1900.  Examining  this  table,  it  will  be  noticed  that  the  spherical 
eflSciency  of  both  arc  lamps  is  better  than  that  of  the  Nernst.  In 
the  lower  hemisphere,  the  Nernst  is  somewhat  better  than  the 
alternating  current  arc  and  not  as  efficient  as  the  direct  current 
arc.  When  reflecting  shades  are  used,  the  alternating  current 
arc  again  has  a  slight  advantage  for  the  whole  of  the  lower  hemis- 
phere ;  but  if  we  disregard  the  mean  of  the  lower  hemisphere 
and  consider  the  floor  or  desk  illuminating  power  of  the  lamp, 
we  find  that  the  Nernst  lamp  has  a  very  decided  advantage  over 
the  enclosed  alternating  current  arc ;  for  example,  if  we  consider 
the  mean  of  the  lowest  30^  zone,  tiie  efficiency  of  the  enclosed 
alternating  current  arc  is  1.56  watts  against  one  watt  for  the 
Nernst  and  the  mean  of  the  lowest  60^^  zone  is  for  the  enclosed 
alternating  current  are,  1.45  watts  against  1.23  watts  for  the 
Nernst. 

Comparisons  between  the  illuminating  powers  of  the  Nernst 
and  incandescent  lamps  indicate  a  watt  consumption  in  the 
Nernst  lamp  a  little  less  than  half  of  that  in  the  incandescent  for 
equal  illumination.  The  superior  quality  of  the  Nernst  lamp  is 
also  very  marked  both  for  reading  purposes  and  for  the  correct 
determination  of  color.   . 

A  similar  comparison  between  the  illuminating  power  of  the 
Nernst  and  enclosed  alternating  current  arc  lamps  shows  for  an 
equal   consumption  of  watts  in  the  two  lamps,  a  much   superior 
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floor  illuminatiou  for  the  Nernst  lamp.  Although  the  nieasnre- 
inent  shows,  a  sh'ghtly  better  geueral  illumination  for  the  arc  lamp, 
yet  the  quality  and  steadiness  of  the  Nemst  light,  together  with 
the  entire  absence  of  shadow,  give  an  impression  of  decided  su- 
periority in  favor  of  the  Nemst. 

The  two  sets  of  curves,  Figs.  8  and  9,  show  interesting   com- 
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parisons  between  the  Nemst  and  incandescent  lamps  under  con- 
ditions of  varying  voltage.  Fig.  8  shows  the  relative  change  in 
candle  power  and  Fig.  9  the  relative  change  in  efficiency,  all  the 
variations  in  each  case  being  given  in  per  cent,  of  normal  condi- 
tions.   These  curves  are  self-explanatory  except  as  to  the  remark- 
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able  Bteadiness  of  candle  power  in  the  Nernst  lamp  when  forced 
above  normal  voltage.  The  feature  is  due  to  the  great  corrective 
power  of  the  iron  ballast. 

At  present  our  data  regarding  the  effect  of  running  Nerns*^ 
lamps  at  different  eflSciencies  is  rather  limited.  Figures  of  this 
character  require  many  readings  under  all  kinds  of  conditions  and 
it  may  be  some  time  before  these  can  be  satisfactorily  and  de- 
finitely recorded,  but  roughly,  it  may  be  stated  that  the  eflSciency 
of  the  glowers  falls  but  slightly  during  their  natural  life,  provided 
the  lamps  are  kept  properly  cleaned. 


Voltage  - 

ErriciCNCY  Characteristics. 
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FeBFOBMAI^CB   of   THB   LaHP. 


At  the  present  writing,  July  15th,  there  are  in  operation  at  East 
Pittsburg,  73  six-glower  lamps,  one  three-glower  and  three  single 
glower ;  in  our  laboratory  and  shop  at  Allegheny,  40  six-glower, 
10  three-glower,  and  21  single  glower  lamps ;  in  the  courtyard 
we  have  four  outdoor  six-glower  lamps  and  in  the  tumbling  room 
of  the  foundry,  one  outdoor  six-glower  lamp,  all  running  on 
alternating  current  at  220  volts.  In  addition  to  these,  there  are 
14  single  glower  direct  current  110- volt  lamps  in  Mr.  Westing- 
house's  residence,  making  a  total  of  something  like  50,000  candle 
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power  in  aui  about  Pittsburg.  At  the  Pan- American  Exposi- 
tion, we  ha\  e  lighted  the  interior  of  the  dome  of  the  Electricity 
Building  by  festooning  92  six-glower  lamps  from  a  pendant 
chandelier  consisting  of  a  central  lamp  of  ZO  glowers  and  2,000 
candle  power  encircled  with  six  lamps  of  the  six-glower  type ; 
on  the  floor,  variously  distributed,  there  are  12  six-glower,  24 
three-glower  and  eight  one-glower  lamps.  These  figures  are  in- 
tended to  give  some  idea  of  the  scale  on  which  the  Nemst  lamp 
has  been  developed  and  the  resources  which  have  been  placed  at 
our  disposal. 

Seventeen  six-glower  lamps  have  been  running  at  East  Pitts- 
burg for  more  than  a  year,  and  are  now  showing  an  average  life 
of  800  hours  per  glower.  A  similar  record  has  been  made  with 
14  six  glower  lamps  operating  in  Allegheny  for  about  a  year  and 
a  half.  The  four  outdoor  six-glower  lamps  have  been  running 
every  night  during  the  last  twelve  months  through  all  kinds  of 
weather,  and  up  to  the  present  time  have  not  given  a  moment's 
trouble.  The  six-glower  lamp  in  the  tumbling  room  of  the 
foundry  failed  in  the  cut-out  at  the  end  of  1,000  hours  owing  to 
the  accumulation  of  a  bunch  of  iron  dust  on  the  pole  of  the  cut- 
out magnet,  but  a  few  strokes  of  a  brush  removed  the  difficulty 
and  the  lamp  was  continued  in  service. 

The  line  service  to  these  lamps  has  been  fairly  good  for  a  shop 
circuit.  As  a  matter  of  recoixJ,  however,  it  was  decided  to  test 
four  six-glower  lamps  on  a  circuit  having  wide  voltage  fluctua- 
tions and  to  keep  a  record  of  the  service  and  the  lamp  perfor- 
mance.    The  record  follows: 

Four  six-glower,  220-volt  lamps  were  run  1,000  hours.  The 
run  was  continuous  with  the  exception  of  three  periods  per  day 
of  one-half  hour  each  when  the  lamps  were  turned  off.  A  record 
of  the  voltage  was  kept  with  a  Bristol  recording  voltmeter.  An 
inspection  of  the  voltmeter  cards  show  that  these  may  be  classified 
under  three  types.  Of  the  first,  there  were  15  cards,  indicating 
that  the  voltage  did  not  rise  higher  than  229  volts  and  only  re- 
mained there  for  a  short  period.  Of  the  second  type,  there  were  26 
cards,in  which  the  voltage  reached  a  maximum  of  232  volts,  main- 
taining this  for  about  four  hours.  Of  the  third  type,  there  were 
four  cards  showing  a  rise  of  voltage  to  237  and  remaining  at  235 
for  five  hours.  These  cards  show  that  the  lamps  have  been  tested 
on  a  circuit,  pressure  of  which  varies   from    4jf  below  to  ^\% 
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above  normal.  There  were  ho  ballasts  or  heaters  burned  out 
during  this  run,  nor  did  the  lamps  receive  any  attention  or  give 
any  trouble. 
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Of  the  24  glowers  in  these  lamps, 

15  ran  1,000  hours; 
6  ran     792  hours ; 

1  ran     580  hourg ; 

2  ran     380  hours ; 
making  an  average  of  890  hours. 
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The  three,  two  and  one-glower .  220- volt,  alternating  current 
lamps  have  given  equally  satisfactory  service,  but  the  glowers  in 
the  110-volt  alternating  current  lamp  are  not  quite  so  uniform  in 
their  performance  and  the  same  glowers  on  direct  current  are 
comparatively  short  lived,  averaging  in  the  neighborhood  of  150 
hours ;  220- volt  glowers,  however,  on  a  direct  current  circuit  would 


Pio.  11. — Heater  tubes  and  glowers. 


Fio.  12. — Holdersfor  the  six,  two  and  three,  and  one  glower  lamps,  showing 
an  aluminium  plug  ready  to  be  inserted, 

last  nearly  double  that  time.  At  East  Pittsburg,  where  a  section 
of  the  Westinghouse  works,  about  350  feet  long  is  lighted  with 
50  six-glower  lamps  suspended  immediately  above  the  traveling 
cranes,  the  features  which  strike  me  more  forcibly  than  anything 
else  are  the  beauty  of  the  illumination  and  the  total  absence  of 
shadow  and  flicker  so  intimately  associated  with  the  electric  arc 
illumination  in  places  of  this  character. 

In  connection  with  this  topic,  it  will  be  interesting  to  note  just 
what  is  going  on  in  the  lamp  during  the  time  of  lighting,  also 
during  service  under  varying  conditions  of  line  voltage.     Eefer- 
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ring  to  Fig.  10,  we  have  a  curve  showing  the  current  taken  by  a 
six-glower  220-volt  lamp  during  the  lighting  period.  It  will  be 
noticed  that  as  the  current  is  turned  on,  there  is  a  sudden  rush  of 
nearly  3.5  amperes  through  the  heater,  which,  owing  to  the  tem- 
perature correction  of  the  platinum  wire,  is  quickly  reduced  to 
about  1.3  amperes.  At  the  end  of  26  seconds,  the  first  glower 
begins  to  light ;  at  the  end  of  30  seconds,  the  second  glower  is 
lighted  and  the  heater  is  cut  out,  the  current  dropping  at  once  to 
.75  of  an  ampere ;  the  remaining  glowers  then  light  rapidly  until 
at  the  end  of  40  seconds  all  the  glowers  are  lighted.  From  this 
point  on,  there  is  a  slight  drop  in  the  current  until  the  lamp 
reaches  its  normal  running  temperature. 

Referring  once  more  to  Fig.  5,  we  find  the  current  and  voltage 
characteristics  of  the  different  elements  in  the  lamp,  and  above 
these  the  characteristics  of  the  lamp  itself,  the  latter   being  the 


Fig.  18. — Parts  of  the  single  glower  lamp. 

sum  of  the  cut-out  coil,  the  ballast  and  the  glower.  The  lamp 
curve  was  taken  from  actual  measurements  and  approximates 
very  closely  to  the  sum  of  the  elements,  the  slight  diflFerence 
probably  being  due  to  some  differences  of  temperature.  The 
voltage  .scale  for  the  cut-out  and  ballast  curves  will  be  found  on 
the  right  hand  side  of  the  diagram ;  that  of  the  glower  and  lamp 
on  the  left  hand  side.  Your  attention  is  now  directed  to  the  ex- 
cellent characteristic  of  this  lamp,  and  when  we  consider  the 
severe  conditions  imposed  by  the  glower  characteristic,  I  think 
we  are  to  be  congratulated  on  the  results  which  have  been  at- 
tained. With  a  normal  in  the  lamp  of  2.4  amperes  and  220  volts, 
it  will  be  noticed  that  an  increase  of  14^  in  voltage  causes  but  a 
10^  increase  in  current,  resulting  in  a  comparatively  steady  light 
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and  safe  running  conditions  for  the  lamp  in  commercial  service. 
A  rise  of  25j<  in  the  line  voltage  would  bum  out  the  ballasts  in  a 
very  short  time,  but  a  rise  of  10%  for  short  periods  does  not 
seriously  aflEect  the  life  of  either  glower  or  ballast ;  a  rise  of  i% 
may  be  considered  allowable  for  indefinite  periods. 

Repair  and  Maintenance. 

When  the  lamps  are  iirst  started,  they  require  no  attention. 
After  1,000  hours,  however,  the  renewals  become  fairly  regular 
and  our  experience  shows  an  average  life  of  800  hours  for  the 
glowers,  2,000  to  3,000  hours  for  the  heaters  and  an  indefinitely 
long  life  for  the  ballasts.     It  will,  however,  be  some  time  before 


Fia.  14.— -Two  and  three  glower 
lamp,  indoor  type. 


Fig.  15. — Six  glower  lamp,  indoor  type. 


the  average  life  of  the  heaters  and  ballasts  can  be  definitely  de- 
termined. The  attention  which  these  lamps  receive,  consists  in 
having  the  inspector  examine  the  lamps  once  a  week  through  a 
colored  glass  to  detei-mine  whether  or  not  all  six  glowers  are 
burning.  If  two  glowers  are  out,  the  lamp  is  turned  off,  the 
holder  removed  and  two  new  glowers  inserted ;  the  holder  is  then 
returned  to  its  place  and  the  lamp  continued  in  service.  Aside 
from  such  renewals,  these  lamps  have  not  given  the  least  trouble. 
On  the  occasion  of  starting  up  50  six-glower  lamps  at  East 
Pittsburg,  one  of  the  engineers  who  had  had  considerable  ex- 
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perience  with  arc  lamps,  remarked  that  my  troubles  would  now 
begin ;  bat,  frankly,  I  think  he  was  mistaken.  Aside  from  the  re- 
newal of  the  perishable  parts,  I  see  nothing  in  the  lamp  which 
could  possibly  cause  trouble  except  under  the  most  extraordinary 
circumstances.  In  fact,  should  a  lamp  receiving  proper  attention 
fail  to  light,  I  would  look  for  the  trouble  elsewhere  than  in  the 
lamp. 

In   commercial    service  it  is  intended  that  the  central  station 
shall  make  the  renewals   in  the  holders.     The  customer  will  be 


Pio.  16  — IIow  to  grip  the  holder  with- 
out disturbing  the  glowers. 


Pig.  17. — Six-glower    lamp,     out- 
door type. 


provided  with  a  case  containing  a  suitable  number  of  complete 
holders,  ready  for  service,  so  that  when  a  renewal  is  to  be  made, 
the  customer  will  simply  remove  the  old  holder  and  insert  a  new 
one,  such  operation  consuming  but  a  moment's  time;  then,  at 
convenient  periods,  the  old  holders  will  be  exchanged  for  new. 
Where  lamps  are  used  in  quantity,  the  renewals  will  probably  be 
made  by  the  local  attendant.  The  replacing  of  a  ballast  requires 
the  removal  of  the  lamp  from  the  circuit,  but  after  that  the  re- 
newal is  easily  and  quickly  made.     A  slight  withdrawal  of  one 
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Bcrew  releases  the  ballast  tabc  from  its  socket,  whereupon  the 
small  aluminium  terminal  plugs  may  be  withdrawn  and  the  new 
ballast  inserted.  This  operation  does  not  require  any  tools  other 
than  a  pair  of  small  tweezers,  and  the  renewal  can  be  made  with- 
out retuniing  the  lamp  to  the  workbench. 

After  about  100  lamp  hours,  the  heater  case  becomes  somewhat 
discolored,  and,  for  first-class  maintenance,  this  should  be  cleaned 
at  the  end  of  that  time.  The  following  instructions  for  the  care 
and  inspection  of  the  Nernst  lamps  are  obsen'^ed  at  East  Pitts- 
burg: 


Fig.  18. — Thirty-glower  lamp, 
indoor  type. 


Pig.    19.— Single    glower  lamp, 
indoor  type. 


Inspection  of  the  Lamps. — The  lamps  should  be  inspected 
every  100  lamp  hours.  After  being  turned  off,  the  lamp  is 
turned  on,  and  it  is  noted  whether  all  the  heater  tubes  become 
bright.  If  any  of  the  heater  tubes  are  burned  out,  the  holder  is 
replaced  by  a  new  one. 

If  the  heaters  are  intact,  the  number  of  glowers  burning  is 
determined.  If  five  or  six  are  burning,  the  lamp  needs  no  at- 
tention. 

If  less  than  five  glowers  are  burning,  the  lamp  is  to  be  turned 
oflF,  the  holder  taken  out  and  the  number  of  broken  glowers  de- 
termined by  inspection.  If  the  number  of  broken  glowers  is  less 
than  the  number  of  glowers  that  were  out,  one  or  more  ballasts 
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are  out  of  .order  and  the  lamp  is  to  be  taken  down  at  once  and 
the  defective  ballast  replaced.  When  two  or  more  glowers  are 
burned  out,  the  holder  is  to  be  replaced  by  a  reserve  holder. 

JSaUasts. — These  are  supplied  in  boxes  marked  '^  Ballasts  for 
8ix-glower  lamps,"  '*  Ballasts  for  one-glower  lamps,"  etc.  Burned 
out  ballasts  are  to  be  renewed  as  soon  as  discovered  and  may  bo 
replaced  without  taking  the  lamp  to  the  workbench. 

Heater-Ga^e. — ^This  receives  a  coating  of  platinum  black  on 
the  inside  and  should  be  replaced  every  100  lamp  hours  by  a 
clean  heater  case.  The  coating  may  be  removed  from  the  old 
heater  case  with  a  bristle  brush  nmning  at  a  hight  rate  of  speed. 
The  heater  case  may  then  be  used  over  again. 

Glowers. — These  are  supplied  in  glass  tubes  marked  with 
the  voltage  of  the  lamp  for  which  the  glower  is  intended, 
thus,  "  Glowers  for  220-volt,  six-glower  lamps."  Glowers  marked 
for  six-glower,  are  not  to  be  used  in  a  throe  or  one-glower  lamp 
and  vice  versa. 

Heaters, — These  are  wound  for  110  volts  and  are  so  marked. 
They  are  connected  two  in  series  foi:  220  volts.  In  the  six- 
glower  lamp  there  are  four  tubes  connected  in  multiple  series. 

Heater  Porcelain, — (This  is  the  porcelain  disk  immediately 
behind  the  heater.)  The  heater  porcelain  is  given  a  white  coat- 
ing which  becomes  fairly  hard,  but  can  be  easily  scraped  or 
brushed  oflE  when  it  becomes  covered  with  platinum  back.  When 
a  holder  with  a  black  heater  porcelain  is  removed,  the  glowers 
should  be  taken  out,  the  old  coat  brushed  off,  except  directly 
under  the  heater  tubes,  and  a  new  coat  of  "  heater  porcelain 
paste "  applied.  This  paste  is  a  white  powder  which  is  to  be 
mixed  with  water  and  applied  with  a  camel's  hair  brush.  After 
replacing  the  heater  porcelain  and  allowing  it  to  dry  in  the  air, 
run  the  heater  for  two  minutes  on  220  volts,  placing  the  holder 
in  a  heater  case.  This  hardens  the  coating,  after  which  the 
glowers  may  be  replaced. 

Go8i, — It  is  too  early  to  say  anything  definite  about  the  cost 
of  these  lamps.  Fourteen  or  fifteen  dollars  would  seem  to  be  a 
fair  price  for  a  six-glower  lamp,  other  lamps  in  about  the  propor- 
tion of  the  number  of  glowers.  It  is  estimated  that  the  cost  of 
renewals  will  be  considerably  less  than  for  enclosed  arc  lamps. 
Provision  will  be  made  for  the  return  of  the  perishable  parts 
containing  platinum. 


Digitized  by  VjOOQIC 


870  WURTS  ON  THE  NBRN8T  LAMP,  [Aug.  2^ 

Conclusion. 

Id  closing,  let  me  say  that  the  Nemst  lamp  can  in  no  sense  be 
considered  an  experimental  device.  The  development  of  details 
connected  therewith  has  continued  until  all  question  of  doubt  aa 
to  its  commercial  success  has  been  removed  by  the  operation  of 
a  large  number  of  lamps  of  various  sizes  and  finished  pattern  for 
extended  periods  under  commercial  conditions,  and  it  is  confi- 
dently felt  that  the  splendid  exhibit  of  these  lamps  which  may 
be  seen  at  the  Pan-American  Exposition  will  prove  a  fitting  dem- 
onstration of  the  complete  and  thorough  manner  in  which  the 
brilliant  discovery  of  Dr.  Nernst  has  been  taken  up  and  pushed 
forward  in  America. 
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Discussion. 

[In  connection  with  his  paper,  Mr.  Wurts  exhibited  and  de- 
scribed a  sample  of  the  six  glower  lamp,  as  typical  of  all  the  sizes 
made.] 

Mr.  Blodobtt: — What  would  happen  if  you  used  the  glower  for 
the  three-glower  lamp  in  a  six-glower  lamp,  or  vice-versa?  You 
said  that  they  were  not  to  be  used  except  in  the  lamps  for  which 
they  were  marked. 

Mr.  Wurts: — A  glower  marked  for  six-glower  lamp  will  run 
at  a  lower  eflSciency  in  a  single  glower  lamp,  the  difference  being 
due  to  the  higher  temperature  and  consequently  lower  resistance 
of  a  number  of  glowers  running  together  as  in  the  six-glower 
lamp. 

Mb.  Hkring: — I  would  like  to  ask  Mr.  Wurts  what  happens  to 
the  heater  when  the  glower  breaks  or  gives  out  in   a  single 

fjlower  lamp.  It  seems  to  me  the  solenoid  will  then  drop  its 
ittle  arm,  and  that  will  put  the  heater  into  circuit;  the  current 
then  flows  continuously  through  the  heater.  Is  any  provision 
made  for  this  case  'i 

If  in  the  six-glower  lamp  several  of  the  glowers  have  burned 
out,  is  the  magnet  still  strong  enough  to  keep  the  others  in  cir- 
cuit ?  I  noticed  that  the  currents  for  the  six  glowers  pass  in 
multiple  around  the  magnet,  and  when  several  glowers  break, 
the  force  of  the  magnet  will  evidently  be  weakened. 

I  also  do  not  believe  Mr.  Wurts  stated  what  proportion  the 
ballast  resistance  was  of  the  whole  resistance  in  order  to  pro- 
duce that  excellent  characteristic  that  has  been  shown.  It  would 
be  interesting  to  know  what  the  proportion  is. 

Mr.  Wurts: — In  the  single  glower  lamp  there  is  no  provision 
for  keeping  the  heater  out  of  circuit  when  the  glower  burns  out. 
The  heater,  however,  has  a  comparatively  long  life,  and  it  is 
assumed  that  in  general  a  single  glower  lamp  will  be  turned  off 
when  it  is  found  that  the  glower  is  burned  out.  In  many  cases, 
of  course,  the  lamp  will  not  be  turned  off  for  several  hours,  but, 
owing  to  the  long  life  of  the  heater,  this  is  not  thought  to  be  a 
serious  matter.  In  the  multiple  glower  lamp  the  heater  is  kept 
out  of  circuit  by  the  current  passing  througn  two  glowers;  thus, 
an  ample  factor  of  safety  is  provided  against  cutting  in  the 
heater  except  for  the  purpose  of  lighting  the  lamp. 

When  the  multiple  glower  lamp  is  turned  on,  the  heater  is  cut 
out  as  soon  as  two  glowers  have  lighted,  the  remaining  glowers 
then  lighting  from  the  first  two.     What  was  the  other  question  ? 

Mb.  Herino  : — The  other,  I  understand,  is  answered  in  the 
paper.  I  did  not  see  it.  It  would  be  interesting  to  have  Mr. 
Wurts  tell  us  something  about  the  nature  of  the  conductivity  of 
these  glowers.  As  I  understand  it,  the  Nemst  filaments  have  an 
electrolytic  conductivity,  but  it  seems  that  it  cannot  be  entirely 
electrolytic,  from  the  experiments  published.     Does  he  consider 


Digitized  by  VjOOQIC 


573  WURT8  ON  THE  NBRN8T  LAMP,  [Aug.  28 

the  conductivity  to  be  partly  electrolytic  or  entirely  metallic? 
Is  there  any  indication  in  the  "way  in  Which  the  filaments  finally 
break? 

Me.  Wukts: — I  have  not  made  a  carefnl  study  of  the  electro- 
lytic properties  of  the  glower ;  the  glower  is  generally  understood 
to  be  an  electrolyte.  This  is  indicated  by  the  action  of  direct 
current,  and  electrolytic  action  is  absent  on  the  alternating  cur- 
rent. When  a  glower  is  about  to  break  we  find  a  rapid  rise  of 
Eotential,  due  probably  to  a  crack  in  the  glower,  which  soon 
reaks,  forming  a  small  arc  for  a  moment  until  the  circuit  is 
ruptured. 

Glowers  that  have  been  operated  for  six  or  eight  hundred 
hours  show  a  crystalline  structure,  and  finally  go  to  pieces.  The 
exact  process  of  disintegration  is  not  clearly  understood. 

Mr.  J.  W.  Howell  : — I  think  Mr.  Wurts  and  his  associates 
are  very  much  to  be  congratalated  on  the  work  they  have  done. 
Each  of  the  elements  which  enters  into  the  construction  of  this 
lamp  involves  very  considerable  diflSculties — the  glower  itself, 
with  its  connections,  tlie  heater  and  the  ballast,  and  the  three 
combined  in  one,  constitute  a  piece  of  work  the  solution  of  which 
is  very  admirable.     I  wish  to  congratulate  Mr.  Wurts  on  it. 

The  characteristics  of  the  glower,  as  shown  in  Fig.  1,  are 
exceedingly  interesting,  and  1  do  not  think  Mr.  Wurts  told  us 
enough  about  them.  If  you  study  these  curves  you  will  see  that 
any  increase  of  voltage  above  the  voltage  of  the  top  of  that  curve, 
which  is  about  197,  will  destroy  the  glower.  Is  that  not  right, 
Mr.  Wurts? 

Mr.  Wukts: — Yes. 

Mr.  Howell  : — So  tha^  the  glower  is  designed  to  operate  at  a 
voltage,  any  slight  increase  of  which  will  destroy  it ;  tnis  destruc- 
tion is  prevented  by  the  ballast,  and  the  y^ry  admirable  way  in 
which  the  ballast  does  it,  as  is  shown  on  the  curve  a  few  pages 
subsequently,  is  a  very  pretty  piece  of  work.  In  fact,  the  curve 
shows,  that  with  an  increase  of  voltage  on  the  circuit  there  is 
actually  a  decrease  of  voltage  on  the  glower.  The  lower  curve, 
concerning  which  Mr.  Wurts  did  not  say  anything,  is  to  me  verj 
interesting— the  action  of  the  glower  in  vacuum.  From  that,  it 
appears  that  taking  the  little  circle  which  marks  the  point  1.76 
watts  per  candle,  that  it  occurs  at  a  greater  current,  a  lower 
voltage  and  a  lower  candle  power.  Now,  if  it  occurs  at  a 
lower  candle  power  it  seems  to  me  that  it  occurs  at  a  lower  tem- 
perature and  that  the  glower  itself  will  give  better  results  in  • 
vacuum  than  it  will  in  the  air.  If  operated  at  a  lower  tempera- 
ture its  life  ought  to  be  longer,  so  that  this  feature,  taken  by 
itself,  would  indicate  that  you  should  burn  it  in  a  vacuum  if  it 
were  not  for  the  extraordinary  amount  of  ballast  which  would  be 
required  on  account  of  the  shape  of  the  curve.  Now,  am  I 
wronir,  Mr.  Wurts,  as  to  the  temperature  of  the  filament  at  the 
same  efficiency  in  a  vacuum  ?     The  candle  power  in  air  is  56  ;  in 
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yacnuin,  46,  for  the  same  glower.  Does  not  the  decrease  of  10 
candles  indicate  a  decrease  in  temperature  with  candle  power  ? 

Mb.  Wubts  : — Yes,!  should  say  that  it  did. 

Mr.  Howell  : — Well,  if  it  is  a  decrease  in  temperature,  then 
the  filament  ought  to  last  longer  in  vacuum  than  in  air,  at  the 
same  eflSciency. 

I  would  like  to  ask  Mr.  Wurts  if  the  blacking  effect  we  see 
occurs  in  a  vacuum. 

Mr.  Wurts  : — As  I  stated  in  my  paper,  we  have  not  continued 
these  tests  further  than  to  determine  that  there  was  uothina 
commercial  in  them.  The  question  as  to  how  the  glowers  would 
behave  in  a  vacuum  or  in  gases  presented  itself  and  it  was  thought 
desirable  to  exploit  in  these  fields ;  but  so  soon  as  it  was  learned 
that  commercial  advantages  were  not'  to  be  found  in  this  direc- 
tion our  attention  was  directed  along  other  channels.  As  ex- 
f>lained  in  the  paper,  the  commercial  eflSciency  was  found  to  be 
ow. 

Mr.  Howell  : — The  ballast  made  it  prohibitive  ? 

Mr.  Wurts: — Not  only  ballast  but  the  heater  necessary  to 
light  the  glower;  also  how  would  you  propose  pumping  out  the 
globe?  We  would  have  almost  insurmountable  diflBculties.  We 
succeeded,  nevertheless,  in  making  upa  few  lamps  with  a  vacuum 
and  with  automatic  heater,  but  it  was  rather  a  difficult  thing  to 
do,  and  the  results  which  we  obtained  indicated  that  the  com- 
mercial efficiency  of  the  device  would  be  small. 

Mr.  Howell  : — On  page  653  there  is  a  statement  that  Dr. 
Nernst  brought  with  him  from  Europe  some  glowers  whiclrcould 
be  started  by  an  alcohol  lamp,  or  even  with  a  match,  but  that  the 
glower  required  in  running  tnese  lamps  takes  950  degrees  centi- 
grade to  start  it.  I  would  like  to  ask  Mr.  Wurts  what  is  the 
relation  between  the  temperature  at  which  the  glower  becomes 
a  conductor  and  the  temperature  at  which  it  fuses, — or  the  high- 
est temperature  in  which  it  could  operate.  Those  which  could  be 
ignited  by  the  striking  of  a  match  must  ignite  at  a  lower  tem- 
perature than  950  centigrade,  I  imagine. 

Mb.  Wurts  :— Well,  the  glower  will  light  at  a  lower  temper- 
ature than  950  degrees. 

Mr.  Howell: — Well,  it  seems  that  some  light  at  lower  tem- 
peratures than  others  and  become  conductors  at  lower  temperature 
than  others,  ^ow,  is  there  any  relation  between  the  tempera- 
ture at  which  they  become  conductors  and  the  temperature  at 
which  they  fuse? 

Mb.  Wubts  : — There  isn't  any  that  I  have  discovered  yet.  I 
don't  know  that  I  have  particularly  investigated  that  point. 

Mb.  Howell: — When  you  take  a  piece  of  ordinary  porce- 
lain it  will  fuse  at  a  C(imparatively  low  temperature  compared 
with  mafirnesium  oxide,  for  instance.     Isn't  that  right? 

Mb.  Wubts  : — Yes. 
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Mb.  Howell  : — And  porcelain  can  be  made  a  conductor  at  a 
verj  much  lower  temperature  than  magnesium  oxide? 

Mb.  Wubtb  :— Yes. 

Mb.  Howell  : — Now,  is  there  any  definite  relation  between 
the  temperature  at  which  they  will  become  conductors  and  the 
temperature  at  which  they  will  fuse  ? 

Mb.  Wubts: — ^Well,  there  is  a  very  decided  relation  there,  but 
what  it  is  or  what  kind  of  a  curve  it  'will  produce,  I  do  not  know. 
Such  material  as  glass,  for  instance,  lights  at  a  very  low  temper- 
ature, and  if  you  take  magnesium,  or  some  substance  like  that, 
it  will  require  a  very  high  temperature,  perhaps  some  substances 
will  require  an  oxy-hydrogen  flame  to  light  them. 

Mb.  ilowELL  : — Those  which  require  a  very  high  temperature, 
such  as  the  oxy-hydrogen  flame,  can't  they  be  operated  at  a  very 
much  higher  temperature  than  these  substances  which  you  are 
using  ? 

Mb.  Wubts  : — Yes,  but  they  are  very  unstable.  They  will  give 
you  a  horrible  curve,  and  you  have  to  put  in  such  an  amount  of 
ballast  that  you  can't  get  the  commercial  eflSciency.  Their  point 
of  efliciency  is  on  that  slope  where  you  have  the  decreaiiing 
voltage  with  increasing  current,  and  away  down  on  that  slope. 

Mb.  Howell  : — Then  you  cannot  use  in  your  lamps  the  sub- 
stances which  can  be  operated  at  the  highest  temperature  ? 

Mb.  Wubts  : — Why,  they  could  be  used. 

Mb.  Howell  : — I  mean  they  cannot  commercially  ? 

Mb.  Wubts  : — They  cannot  commercially. 

Mb  Howell:— You  are  limited  by  the  amount  of  ballast  and 
by  the  temperature  at  starting? 

Mb.  Wubts  : — Yes. 

Mb.  Howell: — About  how  much  does  the  platinum  cost  in 
one  of  those  six-glower  lamps  approximately  ? 

Mb.  Wubts: — The  phitinum  in  the  whole  lamp? 

Mb.  Howell  : — The  six- glower  lamp. 

Mb.  Wubts:— In  the  neighborhood  of  two  cents,  the  platinum 
on  each  glower ;  and  about  80  cents  in  the  heater. 

Mb.  Howell: — In  the  whole  heater? 

Mb.  Wubts: — Yes. 

Mb.  Howell:— Ninety-two  cents,  about. 

Mb.  Wubts: — Yes. 

Mb.  Howell  : — The  development  of  the  Nernst  lamp  abroad 
seems  to  have  followed  slightly  different  lines  from  what  it  has 
here.  I  have  a  letter  from  a  friend  of  mine  who  has  returned 
from  Europe  recently,  and  who  states  that  in  Berlin  they  are 
using  Nernst  lamps  which  give  25  candle  power  in  a  downward 
direction  and  18  at  the  side,  which  consume  40  watts,  and  that 
there  are  50,000  of  them  in  use  in  Berlin,  and  yet  I  understand 
that  your  lowest  candle  power  lamp  is  about  50;  He  also  states 
that  those  lamps  sell  for  a  dollar,  and  are  replaced  for  25  cents. 
I  just  give  you  this  as  a  piece  of  information. 
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I  would  like  to  ask  on  what  data  Mr.  Wurts  bases  the 
statement,  on  page  559,  that  the  Nemst  lamp  has  a  watt  con- 
sumption a  little  less  than  half  the  incandescent  lamp,  for  equal 
illumination. 

Mr.  Wubts  : — I  base  that  statement  on  some  measurements 
that  were  made  with  the  Nemst  lamp  and  incandescent  lamps. 
That  is,  lighting  measurements,  floor  and  wall  illumination. 
These  measurements  had  been  made,  by  an  incandescent  lamp 
man.  I  took  his  result,  and  that  was  the  general  conclusion 
reached  by  those  present. 

Mr.  Howell  : — 1  do  not  think,  Mr.  Wurts,  that  the  table  you 
show  above  bears  that  statement  out. 

Mb.  Wurts  : — The  table  refers,  you  know,  to  arc  lamps. 

Mr.  Howell:— Well,  the  six-glower  lamp — you  gave  the 
figures  there  for  six-glower  lamps,  and  I  can  give  you  all  you 
want  on  incandescent  lamps.  The  illumination  of  two  lamps 
can  only  be  compared  by  the  spherical  illumination,  or  else  by 
their  illumination  imder  exactly  similar  conditions.  If  you 
want  to  compare  the  downward  illumination  of  two  lamps  you 
must  place  them  in  the  same  conditions,  with  reflectors  placed 
above ;  but  if  you  eliminate  the  reflectors,  you  cannot  compare 
the  light  of  the  lamp  in  any  direction,  and  the  spherical  candle 
power  is  the  only  correct  comparison  that  you  can  make.  In 
the  table  here  the  spherical  illumination  of  the  six  glower  lamp 
is  about  3^  watts  per  candle,  and  that  is  not  American  candles, 
either.     It  is  European  candles. 

Mr.  Wurts  : — They  are  all  reduced  to  the  same* 

Mr.  Howell:— Well,  there  are  no  incandescent  figures  here, 
though.  I  am  talking  about  the  incandescent  lamp.  In  order 
to  compare  tiie  Nernst  lamp  with  the  incandescent  lamp,  there 
is  one  element  which  is  absolutely  necessary,  and  that  is  the  life 
and  candle  power  curve  in  the  lamp.  If  you  base  the  statement 
on  initial  ratings  only,  it  is  impossible  to  form  any  comparison, 
because  you  can  make  the  incandescent  lamp  efiiciency  anything 
you  like,  down  to  \  watt  per  candle.  So  that  the  bare  state- 
ment of  efficiencies  is  of  no  value  whatever  in  comparing  two 
lamps.  Now,  there  is  no  statement  in  the  paper  as  to  the  life 
and  candle  power  curve  of  these  lamps,  but  if  you  take  the 
initial  spherical  candle  power  as  3^  Hefner  units,  the  ordi- 
nary 3.1  watt  incandescent  lamp  has  a  spherical  etticiency  of 
H.28  Hefner  units,  which  is  a  lower  figure  than  the  other,  and 
the  ordinary  3^  watt  lamp  has  a  spherical  efficiency  during  its 
useful  life,  which  is  about  800  hours,  of  4  watts  per  spherical 
candle — 

Mr.  Wurts: — Three  and  a  half,  800  hours. 

Mr.  Howell: — Hefner  units;  that  is,  not  American  units. 
Now,  I  think  the  comparison  made  by  Mr.  Wurts  is  not  a  fair 
one,  as  to  the  spherical  candle-power,  due  to  the  fact  that  there 
is  no  life  or  candle-power  curve  of  the  Nemst  lamp  given.     I 
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think  it'ou^ht  to  be  modiiied.  In  fact,  if  this  glower  indicates 
the  condition  in  which  it  is  after  100  hours'  nse,  the  blackening 
woald  indicate  a  considerable  loss  in  candle  power,  and  if  it 
needs  cleaning  in  100  hours  it  would  ha^e  to  be  taken  out  of  its 
case  and  practically  a  new  one  put  in.  Of  course,  the  expense 
would  not  be  very  great,  but  the  useful  life  of  the  operative 
lamp  is  the  time  before  it  has  to  be  renewed;  and  I  thmk  this 
lamp  is  ready  for  renewal  now. 

I  would  like  to  ask  Mr.  Wurts  how  a  lamp  on  direct  current 
breaks?     He  says  it  lasts  only  half  as  long  as  the  regular  one. 

Mr.  Wubts  : — It  usually  breaks  at  the  terminal,  where  there 
is  electrolytic  action,  and  where  this  platinum  black  deposits  in 
the  pores.  In  regard  to  the  question  just  before  the  last  one,  as 
to  the  statement  on  page  565,  I  cannot  say  that  I  have  exactly 
reproduced  the  conditions  of  lowering  voltage  and  having  the 
voltage  come  on  again.  But  we  have  frequently  had  the 
lamps  go  out ;  lamps  that  have  been  burning  on  commercial  cir- 
cuits, and  had  the  current  cease  and  immediately  come  on  again 
as  they  were  switched  over  in  changing  the  dynamo.  And  we 
haven't  yet  had  any  instance  in  which  fuses  were  blown  or  any 
trouble  occurred. 

You  will  notice  in  the  curve  on  page  563  that  the  cur- 
rent which  is  on  the  heater,  at  3J  amperes,  is  on  the  circuit 
for  only  a  moment,  and  if  the  current  is  turned  off  the  lamps 
and  turned  on  again  within,  we  will  say,  four  seconds,  tne 
glowers  will  immediately  light  again. 

Mb.  Howell  : — It  will  hold  its  heat  four  seconds .? 

Mr.  Wurts: — Yes;  and  if  the  current  is  turned  on  again  at 
the  end  of  four  seconds,  the  cut-out  will  instantly  open  and  the 
glowers  will  again  light  from  their  own  heat,  and  the  action  of 
me  lamp  under  such  circumstances  would  not  affect  the  power 
house. 

Mr.  Howell  : — That  would  not ;  but  if  you  had  to  wait  thirty 
seconds  it  might. 

Mr.  Wurts  : — ^If  you  had  to  wait  thirty  seconds,  the  glowers 
would  become  practically  cold  and  the  lamp  would  simply  light 
up  from  normal  again,  according  to  this  curve. 

Mr.  Howell  : — But  the  heaters  take  a  higher  current. 

Mr.  Wurts  : — They  take  the  current  shown  in  this  curve 
(indicating). 

Mr.  Howell  : — That  isn't  very  much. 

Mr.  Wurts  : — For  an  instant  of  time  the  current  taken  by  the 
heater  when  cold,  is  slightly  in  excess  of  the  normal  current  of 
the  lamp,  but  this  is  so  quickly  reduced,  owing  to  the  positive 
eorrection  in  the  heater,  as  to  make  it  a  matter  of  no  consequence 
whatever.  We  have  never  experienced  any  difficulty  whatever 
from  this  source. 

With  reference  to  the  lamps  made  in  Germany,  we  have  not 
yet  made  iiny  attempt  at  smaller  candle  powers  than  50.     We 
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purpose  in  the  near  future  to  have  a  30  c.  p.  lamp,  but  in  our 
judgment,  anything  smaller. than  this  would  involve  such  deli- 
cate apparatus  in  the  interior  of  the  lamp  as  to  make  it  unfit  for 
ordinary  service.  I  may  be  mistaken,  but  so  far,  we  have 
not  thought  it  worth  while  to  attempt  anything  lower  than  30 
c.  p.  The  small  lamps  referred  to,  which  are  made  abroad, 
have  a  comparatively  small  radiating  surface  and  in  a  number  of 
these  which  I  have  tested,  I  have  found  the  temperature  of  the 
lamp  suflScient  to  destroy,  in  a  comparatively  short  time, 
some  of  the  materials  in  the  interior ;  for  example,  I  found 
that  the  cut-out  coils  were  provided  with  silk  insulation  and  that 
the  ends  of  the  coil  were  made  of  fiber.  After  running  about 
ten  hours,  these  combustible  materials  were  found  to  be  black, 
entirely  burned  ont,  rendering  the  lamp  useless  for  further  ser- 
vice. There  were  other  features  in  these  small  lamps  which  did 
not  appeal  to  me  as  practical  and  which  made  me  feel  that  these 
lamps  were  not  commercial. 

With  regard  to  efficiency,  I  have  begun  my  section  on  this 
topic  by  saying  that  it  is  not  an  easy  matter  to  state  the  efficiency 
of  the  light,  to  the  satisfaction  of  all  concerned.  I  knew  very 
well  when  I  wrote  this  paper  that  these  questions  would  come  up 
and  I  do  not  think  that  they  are  settled  yet  by  any  means.  "The 
proof  of  the  pudding  is  in  the  eating,"  and  we  know  from  the 
comparisons  that  have  been  made  that  we  have  in  the  Nernst 
lamp  a  lamp  which,  for  the  same  consumption  of  power,  will 
give  a  better  illumination  and  a  superior  quality  of  light,  no 
matter  what  the  measurements  on  the  photometer  may  indicate. 
We  know  tliese  facts  to  be  absolutely  correct,  and  these  facts  are 
what  the  customer  wants  to  know ;  he  wants  an  effective  and 
efficient  light.  We  have  designed  our  six-glower  lamp — ^a  large 
unit — so  as  to  throw  all  the  light  downward  where  light  is  ordi- 
narily wanted,  in  factories,  dry  goods  stores,  railway  yards,  and 
places  of  that  character.  In  such  places,  all  the  light  is  required 
on  the  ground,  on  the  floor,  or  on  the  counter  and  not  on  the 
walls.  Of  course  if  it  is  desired  to  diffuse  the  light,  this  may  be 
effectively  done  by  the  use  of  globes. 

President  Steinmetz  : — Gentlemen,  I  must  say,  before  I  give 
the  floor  to  the  next  speaker,  that  in  discussing  the  merits  of  an 
apparatus  newly  introduced,  which  is  here  brought  to  our  notice 
for  the  first  time,  and  which  has  been  for  years  an  entirely  ex- 
perimental apparatus  and  is  now  just  being  changed  over  into 
commercial  form,  at  least  so  we  hope,  it  is  not  fair  to  compare  it 
with  an  apparatus  established  by  experience,  and  successfully  es- 
tablished, lor  many  years,  such  as  the  incandescent  lamp.  We 
must  expect  in  such  a  novel  and  recently  developed  apparatus 
that  there  will  be  a  number  of  features  which  under  certain  cir- 
cumstances may  be  objectionable,  and  which  must  be  left  for 
their  development  to  practical  experience  in  the  use  of  the  appa- 
ratus in  commercial  operation;  as,  for  instance,  this  relatively 
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large  starting  current,  which  in  many  cases  would  not  be  objec- 
tionable, but  in  other  cases  would  be  objectionablp,  as  in  the  light- 
ing of  a  whole  system  fitted  with  these  lamps.  As  soon  as  found 
to  be  objectionable,  I  have  no  doubt  whatever  that  means  will 
be  found  to  eliminate  the  difficulty,  and  so  as  to  all  other  features 
which  are  perhaps  not  quite  satisfactory  yet  under  certain  circum- 
stances, and  which  our  experience  merely  has  to  make  satisfac- 
tory. So  it  is  not  quite  fair  to  compare  the  Nernst  lamp,  which 
is  an  entirely  new  apparatus,  just  beginning  to  be  introduced 
commercially,  with  the  well  established  incandescent  lamp. 

Regarding  these  candle  powers,  I  may  say  that  a  consumption 
of  3i  watts  per  candle  for  the  Nernst  lamp  appears  to  be  abnor- 
mally high,  but  if  yon  go  to  the  next  column  you  get  consump- 
tions for  the  arc  lamps  of  over  three  watts  per  candle.  Now, 
that  is  very  much  higher  than  we  are  accustomed  to  consider 
arc  light  consumption,  and  I  am  led  to  believe  that  in  measuring 
the  efficiencies  certain  conditions  existed  different  from  those 
usually  chosen,  and  that  therefore  these  efficiencies  do  not  com- 
pare directly  with  what  we  call  efficiencies  in  incandescent  lamps, 
of  three  watts  per  candle.  Such  an  assumption  would  support 
the  statement  of  Mr.  Wurts,  that  the  Nernst  lamp  has  a  much 
higher  eflSciency  than  the  incandescent  lamp,  but  if  the  above 
figures  are  taken,  the  Nernst  lamp  would  come  below  the  high 
economy  incandescent  lamp. 

I  would  like  to  ask  Mr.  Wurts,  with  regard  to  this  black  de- 
posit which  forms  on  the  glower  in  operation  with  direct  cur- 
rent, whether  he  has  determined  the  nature  of  it,  whether  it  is 
platinum  or  whether  it  is  electrolytic  metal,  and  furthermore, 
whether  he  knows  what  is  the  approximate  temperature  of  the 
filament  or  glower,  in  operation  i 

Mr,  Wurts: — I  cannot  say  that  I  definitely  know  the  nature 
of  the  black  deposit  on  the  glower.  I  think,  however,  it  is 
platinum  black.  As  to  the  temperature  of  the  glower,  I  have 
really  forgotten.  We  made  some  rough  determination  of  about 
2500°  centigrade.  It  is  rather  difficult  to  get  these  temperatures 
accurately,  but  it  was  something  in  that  neighborhood. 

President  Steinmetz  : — Was  it  determined  by  estimation  from 
the  light  radiation  or  bj^  calorimetric  tests? 

Mr.  Wurts: — Calorimetric  tests.  With  reference  to  photo- 
metric measurements  on  the  lamp,  I  would  like  to  call  your  at- 
tention to  the  quality  of  the  light.  Possibly  this  would  make 
some  difference  in  a  comparison  made  between  Nernst  and  in- 
ca-ndescent  lamps.  If  you  will  look  at  the  Nernst  lamps  in  the 
Electricity  Building  and  then  look  either  way  up  or  down 
through  the  main  aisles,  you  will  notice  the  light  giving  power  of 
the  Nernst  lamps.  What  a  glorious  light  it  is  that  is  thrown 
down  on  the  floor!  You  will  be  impressed  with  the  volume  of 
light  that  seems  to  be  emitted  from  each  lamp.     Then  look  at  the 
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light  given  by  the  arc  lamps.  They  are  bright  spots  to  look  at 
but  they  fail  to  illuminate  the  floor. 

"With  regard  to  the  blackcDing  of  the  holder  which  Mr.  Howell 
spoke  about,  it  does  not  seem  to  me  that  this  is  anything  like 
as  serious  as  he  would  make  it  out.  It  is  nothing  like  as  serious 
in  my  judgment,  as  the  blackening  of  the  bulb  of  the  incandes- 
cent lamp,  for  in  one  case  you  can  clean  it  and  in  the  other  case 
you  cannot.  In  a  large  majority  of  cases,  incandescent  lamps  are 
run  to  death  simply  because  the  lamps  continue  to  burn  and  give 
out  some  light,  but  they  are  then  burning  at  a  very  poor  efliciency, 
whereas  with  the  Nernst  lamp,  a  few  strokes  of  a  scraper  will 
remove  the  black  deposit  on  the  holder  and  the  efficiency  is  at 
once  thereby  renewed.  Where  these  lamps  are  used  in  any 
quantity,  it  seems  to  me  that  the  cleaning  and  care  of  them  is  a 
very  insignificant  matter. 

Mr.  W.  J.  Hammer: — Mr.  President,  I  would  like  to  supple- 
ment Mr.  Howell's  endorsement  of  the  beautiful  and  efficient 
work  that  has  been  done  by  the  Westinghouse  engineers  in  this 
country  in  connection  with  the  development  of  the  Nernst  lamp. 
I  had  the  pleasure  during  the  year  past  of  spending  more  than 
five  months  in  Europe  and  visiting  practically  all  the  places  where 
work  is  going  on  with  the  Nernst  lamp  and  seeing  practically  all 
the  types  that  are  being  made  in  Europe.  I  also  saw  the  Ameri- 
can types  of  lamps  abroad  and  in  this  counti^y,  and  I  was  exceed- 
ingly impressed  by  the  character  of  the  work  wliich  was  being 
done  by  the  American  engineers.  The  Nernst  lamp  is  an  illus- 
tration of  that  which  we  have  seen  before  in  the  case  of  foreign 
inventions  that  have  come  to  this  country  which  have  been 
made  far  more  commercial  and  shipped  back  again  to  the  for- 
eigners. There  are  several  points  in  the  present  type  of  West- 
inghouse-Nernst  lamp  that  particularly  appeal  to  me.  One  is 
Mr.  Hanks's  very  interesting  clamp,  and  the  other  the  getting  rid 
of  the  spiral  heater  as  it  is  used  abroad  and  the  substitution  of  a 
very  much  improved  form.  The  little  wrinkle  of  the  recess  or 
indentation  around  the  openings  where  the  leading-in  wires  pass, 
so  as  to  prevent  the  setthng  oi  platinum  black  around  the  con- 
nection, is  a  very  good  thing. 

There  are  one  or  two  things  I  would  like  to  ask  Mr.  Wurts.  I 
know  at  the  time  I  was  in  Berlin  there  seemed  to  be  considerable 
dissatisfaction  with  Mr.  Potter's  very  beautiful  iron  steadying 
wire,  or  ballast,  and  I  understood  that  there  was  considerable 
being  done  with  platinum  and  special  resistance  wires  as  a  form 
of  ballast.  I  would  like  to  know  to  what  extent  the  iron  steady- 
ing resistance  or  ballast  which  is  here  employed  has  been  displaced 
by  platinum  or  special  resistance  wire.  I  noted  also  in  England 
that  they  had  considerable  difficulty  due  to  the  expansion  of  the 
glower  body  itself.  I  saw  certain  types  of  lamps,  and  have  some 
of  them  in  my  possession,  in  which,  instead  of  the  glower  being 
held  rigidly,  one  end  was  fastened  to  a  tiny  platinum  wire,  which 
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paflged  thron^h  a  platinam  wire  loop  or  spiral  of  the  snpporting 
wire  Ao  that  it  could  have  a  side  play,  and  the  end  of  the  tiny 
wire  attached  to  the  glower  was  brought  down  and  attached  to 
the  supporting  wire  below  this  loop,  and  I  was  informed  that  this 
had  gotten  rid  of  a  very  considerable  percentage  of  breakages  dne  to 
expansion  of  the  glower.  1  note  that  this  trouble  is  very  nicely 
obviated  in  the  present  type  of  lamp,  but  I  think  it  would  be 
interesting  for  us  to  know  to  what  extent  that  difficulty  has  been 
met  with  here.  The  Welsbach  mantle  is  so  closely  related  in 
certain  characteristics  to  the  Kemst  lamp  that  there  is  another 
very  interesting  point  I  should  like  to  bring  up.  I  believe  the 
Welsbach  mantle  falls  off  in  its  efficiency  about  25  per  cent,  in 
the  first  60  hours  of  bnrning.  I  would  like  to  know  if  Mr. 
Wurts  can  tell  me  about  what  the  falling  off  in  efficiency  would 
be  in  the  standard  Nernst  glower,  say  in  the  first  100  hours. 
That  is,  of  course,  leaving  out  of  consideration  the  use  of  any 
powdered  substance  which  can  be  removed  with  the  platinum 
black  upon  it.  I  merely  wish  to  know  what  the  depreciation  is 
in  the  glower  itself. 

There  have  been  a  good  many  strong  statements  made  as  ta 
what  the  Nemst  lamp  is  going  to  do  to  the  arc  and  incandescent 
lighting  industries.  You  know  what  Mr.  Swinburne  and  others 
have  said  upon  the  subject,  as  to  the  ultimate  effect  of  the  Nernst 
lamp  upon  the  incandescent  and  the  arc  lamp,  and  I  think  it 
would  be  veiy  interesting  to  us  all  if  we  could  get  an  expression 
from  Mr.  Wurts  as  to  just  what  relative  position  the  Nemst 
lamp  will  hold  as  compared  with  the  incandescent  and  the  are 
lamp. 

Mr.  Wurts  makes  the  statement  in  his  paper  that  the  alter- 
nating current  lamp  has  a  life  of  about  800  hours.  He  does  not 
say  what  the  life  of  the  direct  current  lamp  would  be,  and  I 
think  it  would  be  interesting  if  he  would  state  about  what  the 
results  of  their  tests  are.  Of  course,  that  feature — the  life  of  the 
lamp— probably  would  improve  as  time  went  on.  As  our  presi- 
dent says,  this  is  a  brand  new  thing,  but  at  the  same  time  it  is  a 
very  hearty,  robust  infant,  and  we  would  like  to  know,  in  the 
present  condition  of  affairs,  what  the  life  is  of  a  Nemst  lamp  on 
direct  current,  whether  it  exceeds,  say,  300  hours. 

There  was  a  reference  in  Mr.  Wurts's  paper  to  the  use  of 
platinum  as  a  heater,  and  its  advantan^es,  and  in  reference  to  its 
cost,  and  in  that  connection  a  gentleman  in  attendance  upon  thi& 
meeting  (I  do  not  know  whether  he  is  here  in  the  audience  or 
not)  showed  me  a  few  days  ago  some  samples  of  a  metal  which  he 
claimed  had  all  the  characteristics  of  platinum,  and  that  a  sub- 
stance had  finally  been  found  which  would  displace  platinum.  I 
tried  to  get  some  further  particulars,  but,  did  not.  That  gentle- 
man may  be  present  in  the  audience  and  may  be  willing  to  say 
something  on  the  subject.  But  he  did  say  that  while  it  could  be 
made  for  much  less  than  the  cost  of  platinum  it  would  probably 
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be  put  on  the  market  at  perhaps  25  per  cent,  less  than  the  cost  of 
platinum.  This  was  not  given  to  me  in  confidence,  and  if  the 
gentleman  is  present  this  morning  I  think  it  would  be  very  inter- 
esting to  hear  from  him  on  this  subject. 

In  going  about  on  the  other  side  of  the  water  I  noticed  a  num- 
ber of  places  where  the  torch  lighting  form  of  lamp  had  been  re- 
placed by  the  automatic  tjpe,  and  it  is  self-evident  that  the  auto- 
matic type  of  lamp  is  the  lamp  that  is  best  suited  and  best  quali- 
fied to  fill  the  bill.  I  would  like  to  ask  Mr.  Wurts  whether  it 
is  proposed  by  his  company  to  put  out  any  lamps  of  the  torch 
lighting  type  or  not  ? 

Mr.  Howell  made  some  reference  to  the  cost  abroad.  I  think 
the  cost  is  a  little  bit  io  excess  of  what  he  stated,  but  the  rental, 
I  think,  is  about  72  cents  a  year.  I  do  not  know  whether  the  com- 
pany will  adopt  the  policy  of  outright  sale  entirely  or  whether 
they  will  do  as  the  foreigners  do,  mstall  the  lamps  at  an  annual 
rental  of  72  to  75  cents. 

One  other  point — I  think  Mr.  Howell  referred  to  it — in  ref- 
erence to  the  use  of  the  Hefner  standard,  which  had  been  used 
in  this  paper,  it  is  stated,  so  as  to  enable  a  more  ready  compari- 
son to  be  made  with  the  foreign  practice  and  with  the  public 
statements  regarding  the  Nernst  lamp.  It  would  seem  that 
a  statement  showing  a  comparison  witn  the  standards  of  light 
used  in  this  country  would  perhaps  be  of  equal  if  not  greater 
interest  to  those  who  ai-e  interested  in  the  application  of  the  in- 
candescent lamp. 

President  Steinhbtz  : — Gentlemen,  the  time  is  getting  rather 
late,  so  I  must  ask  you  to  be  brief  as  possible.  At  the  same  time 
the  discussion  is  very  interesting,  and  we  do  not  want  to  curtail 
it,  though  we  desire  to  have  it  as  short  as  possible. 

Mk.  W  ubts  : — In  regard  to  the  falling  off  of  candle  power  in 
the  glower  irrespective  of  the  discoloration  of  the  globes  and 
porcelain  parts  of  the  lamps,   I   would  say  the  loss  is  slight, 

Cibly  8^  in  100  hours.      This  loss  is  small  compared  with  the 
of  candle  power  in  the  lamp  when  it  is  neglected. 
With  regard  to  the  shrinkage  of  the  glower  we  have  provided 

r'nst  any  trouble  from  that  source  by  making  the  glower  and 
leads  U-shaped  so  that  if  there  is  any  expansion  or  con- 
traction it  can  take  place  without  any  strain.  Soldered  con- 
nections are  used  abroad,  and  for  that  reason  the  glowers  and 
heaters  are  not  easily  or  quickly  replaced.  In  the  American 
lamp  we  have  taken  particular  pains  to  make  the  perishable 
parts  easily  and  quickly  replaceable. 

With  regard  to  the  life  of  the  direct  current  glower,  I  may  say 
that  we  have  done  very  little  work  in  this  direction  for  the 
following  reasons:  When  we  started  with  our  work  on  the  Nernst 
lamp  we  were  aware  that  our  friends  on  the  other  side  were 
working  with  direct  current  only,  and  that  they  were  working 
with  small  candle  powers  and  it  did  not  seem  worth  while  to 
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Sarallel  their  work.  We  started  oat  on  lines  of  our  own.  We 
ecided  to  attack  the  problem  from  the  other  extreme,  to  make 
large  candle  powers  and  to  use  alternating  current.  We  have 
made  a  few  direct  current  lamps.  They  are  now  in  operation, 
but  we  have  not  succeeded  in  getting  more  than  300  hours  out 
of  the  glowers.  I  am  of  the  opinion,  however,  that  we  shall 
eventually  get  a  longer  life  than  this  from  the  direct  current 
glower.  We  have  tests  under  way  which  indicate  this,  and  we 
are  hoping  to  get  500  hours  but  1  do  not  look  for  anything  much 
better  than  this. 

If  the  gentleman  Mr.  Hammer  spoke  of  is  present,  I  would 
be  pleased  to  hear  from  him  regarding  that  metal,  if  he  is  not 
here  I  may  say  a  word  or  two. — I  have  tested  the  metal  referred 
to  and  have  found  that  it  is  not  serviceable  for  the  purpose  of 
our  heater ;  the  temperature  in  the  lamp  is  too  high.  The  results 
did  not  compare  favorably  with  the  results  obtained  from  pla- 
tinum. So  far  platinum  wire  makes  the  best  all  around  heater. 
With  regard  to  a  torch  lamp,  or  match  lamp,  I  would  say  that 
the  Nernst  lamp  in  this  country  is  the  personal  property  of  Mr. 
Westinghouse;  it  is  not  owned  or  controlled  in  any  way  by  the 
Westinghonse  Electric  &  Manufacturing  Co.  I  am  not  yet  in- 
formed as  to  what  Mr.  Westinghouse's  plans  may  be  with  regard 
to  the  company  which  he  will  no  doubt  form.     He  has  already 

frepared  a  large  factory  for  the  manufacture  of  these  lamps  in 
^ittsburg,  and  we  purpose  moving  into  that  factory  in  about  two 
weeks.  We  shall  prepare  to  turn  out  these  lamps  in  large  Quan- 
tities and  hope  soon  to  be  able  to  fill  the  large  orders  which  have 
already  been  received  from  all  parts  of  the  country.  I  doubt 
veiy  much  whether  Mr.  Westinghouse  will  ever  make  a  torch 
lamp;  it  would  not  be  popular  in  this  country.  We  want  a  good 
simple  lamp  which  can  be  turned  on  and  which  can  be  substi- 
tuted for  an  incandescent  lamp. 

Mr.  Hammer,  you  asked  some  other  questions  with  reference 
to  arc  and  incandescent  lamps. 

Mb.  Hammmer.— As  to  the  relative  position,  in  your  estima- 
tion, to  be  occupied  by  the  Nernst  lamp.  You  will  remember 
that  Mr.  Swinburne  said  as  to  what  the  Nemst  lamp  would  do 
to  the  incandescent  industry,  in  his  Society  of  Arts  lecture  of 
February  8th,  1899:  "  Once  the  Nernst  lamp  becomes  so  gen- 
eral that  systems  of  distribution  are  laid  out  to  suit  it  instead 
of  the  carbon  lamp,  the  carbon  lamp  is  practically  '  out  of  the 
running"*;  and  Dr.  Blathy  told  me  in  Budapesth  last  Octo- 
ber, that  when  the  Nernst  lamp  became  a  commercial  article 
there  would  be  no  more  arc  lignting.  Now,  with  your  experi- 
ence I  thought  it  would  be  interesting  to  know  what  the  relative 
position  of  this  lamp  would  be,  as  compared  with  the  arc  and 
incandescent  lamp. 

Mr.  Wurts: — In  my  judgment,  the  Nernst  lamp  will  be  a 
sharp  competitor  of  the  arc  lamp;  not  so  much  of  the  incan- 
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descent.  I  think  it  will  be  largely  used  in  dry-goods  stores. 
One  party  said  that  the  Nernst  lamp  would  save  them  many 
thousand  dollars  a  year  owing  to  the  fact  that  with  incandes- 
cent illumination,  ladies  were  unable  to  match  materials,  or  if 
they  attempted  to  do  so,  the  purchase  would  be  returned  the 
next  morning  as  unsatisfactory.  I  wish  you  would  all  examine 
the  arrangement  we  have  in  the  Electricity  Building  for  show- 
ing this  beautiful  daylight  quality  of  the  J^ernst  light.  Colored 
silks  appear  in  their  true  shades  and  are  matched  as  easily  as  by 
daylight.  I  think  that  the  Nemst  lamp  will  be  largely  used  in 
factories,  railway  stations,  railway  yards  and  the  like.  One  of 
the  officers  of  the  Pennsylvania  Railroad  Company  the  other  day 
said  :  "  You  have  no  idea  of  the  trouble  we  have  in  the  yards 
from  the  shadows  and  flickering  of  the  arc  lamps.  Locomotive 
drivers  have  difficulty  in  distinguishing  switches  and  signals," 
but,  he  said,  ^^  that  lamp  is  just  what  we  want  in  the  yards,  a 
perfectly  steady  and  shadowless  light."  I  think  that  the  beauty 
of  this  light  as  it  appears  in  the  Electricity  Building  will  appeal 
strongly  to  all  of  you,  and  it  is  likely  to  be  a  competitor  oi  any 
other  illuminant  where  quality  of  light  is  a  consideration.  The 
fact  that  the  single  glower  lamp  requires  twenty-tive  seconds  to 
light,  may  prevent  its  being  sucn  a  sharp  competitor  of  the  incan- 
descent lamp  as  might  otherwise  be.  Nevertheless,  where  incan- 
descent lamps  are  grouped  under  a  shade,  I  think  the  Nemst 
lamps  will  be  found  more  desirable,  more  efficient,  and  lend 
themselves  better  to  decorative  illumination.  For  machine  shop 
purposes,  the  absence  of  the  shadow  and  flicker  which  accom- 
panies the  arc  lamp,  has  made  the  six-glower  type  of  Nernst  lamp 
popular  wherever  it  has  been  installed. 

Mk.  Obeklin  yMiTH: — How  would  it  be  for  railway  car  lighting  ? 

Mr.  VVurts; — You  mean  for  street  car  service  i 

Mb.  SMrrn: — No  ;  steam  cars,  where  electricity  is  used. 

Mr.  WuRTs:— It  would  make  a  very  pretty  light  there.  I 
don't  know  why  they  should  not  be  used  there  as  well  as  incan- 
descent lamps.  They  would  have  the  same  advantages  there  as 
in  a  parlor  or  sitting-room. 

Mr.  Stillwell  :— I  should  like  to  ask  Mr.  Wurts  whether  he 
has  made  any  tests,  such  as  he  has  spoken  of,  of  the  Nemst  lamp 
on  25-cyele  current.  His  test  as  I  understand  was  made  on  60 
cycles.  It  occurs  to  me  that  if  the  Nemst  lamp  is  entirely  suc- 
cessful on  25  cycles,  and  I  do  not  see  any  reason  why  it  should 
not  be,  it  has  rather  an  interesting  bearing  on  the  general  power 
transmission  plants  in  the  country.  The  only  argument  in  favor 
of  60  cycles  that  has  been  given  any  very  great  weight  recently, 
is  that  it  enables  you  to  operate  arc  lamps  on  the  same  circuits  as 
are  used  for  motors  and  incandescent  lamps.  If  the  Nemst  lamp 
is  applicable  to  25  cycles  it  would  be  of  very  great  value  on 
these  extremely  long  transmission  systems  that  Dr.  Perrine  is 
interested  in,  in  California,  where  a  high  frequency  is  objection- 


Digitized  by  VjOOQIC 


581  WURT8  ON  THB  NBRS8T  LAMP,  [Aug.  88 

able  for  many  reasons  in  connection  with  transmission,  but  yet 
where  the  desire  to  use  arc  lamps  sometimei  leads  to  the  use  of 
a  frequency  undesirably  high. 

Mb.  Wurts  : — The  lamp  is  operative  on  25  cycles.  As  far  as 
our  tests  with  glowers  go,  we  have  not  discovered  any  difference 
between  25  and  60  cycles.  We  cannot  notice  any  flickering. 
The  only  diflScnlty  we  have  enconntered  has  been  in  the  cut-out. 
The  lamp  be/ore  yon  was  designed  for  60  cycles,  but  when 
placed  on  25  cycles — ^well,  the  cnt-out  does  not  hum  exactly,  it 
rattles.  Thus  we  have  a  new  problem  to  solve.  We  have  now 
succeeded  in  designing  a  cut  ont  which  will  operate  on  either 
number  of  cycles  without  noise  or  hum.  Yon  may  hold  your 
ear  immediately  beneath  the  dome  shade  and  not  hear  a  sonnd. 

Me.  Hering  : — What  is  the  frequency  of  your  current  here  at 
the  Exhibition  'i 

Mr.  Wurts: — Sixty  cycles. 

Mb.  Stern  : — I  would  like  to  ask  Mr.  Wurts  one  or  two  ques- 
tions regarding  the  strength  of  the  glower,  when  the  lamp  is 
nnder  heat,  as  it  might  be  effected  by  vibration.  The  question 
might  come  up  in  car- lighting,  or  in  contemplating  the  use  of 
these  lamps  for  automobiles  where  considerable  vibration  is  en- 
countered in  running  over  rough  roads,  and  it  occurred  to  me 
that  while  in  a  heated  condition,  the  vibration  might  cause  the 
rupture  of  a  glower,  thus  shortening  the  lamp's  life. 

Another  question  is  one  as  to  its  actinic  power  when  used  in 
photography.  A  lamp  of  this  kind  might  be  of  considerable  use 
in  photographic  printing,  copying  and  the  like,  as  a  better  means 
for  gettmg  a  steadier  light  than  the  arc  lamp,  were  its  actinic 
power  sufficiently  high  to  permit  of  short  exposures. 

President  Steinmbtz  : — Are  there  any  more  questions  to  ask  \ 

Mr.  Alexander  : — I  would  like  to  ask  Mr.  Wurts  a  question 
or  two.  As  I  understand  it,  the  heaters  of  the  lamps  are  cut  out 
when  two  glowers  are  burning. 

Mr.  Wurts: — In  the  six-alower  lamp. 

Mr.  Alexander: — If  that  is  the  case,  is  it  necessary  to  have 
four  heaters?  Would  it  not  cheapen  the  lamp,  lessen  the  black- 
ening  and  cut  down  the  hi^rh  starting  current  of  the  lamp  if  less 
than  four  heaters  were  used  ?  Inasmuch  as  two-blowers  bring 
the  other  «»lowers  up  to  conducivity,  why  wouH  it  not  be 
necessary  to  have  only  sufficient  heaters  to  bring  up  to  conduc- 
tivity two-glowerF,  and  let  them  set  the  other  glowers  active  ? 

Mr.  Wukts: — With  reu;ard  to  the  strength  of  the  glower 
when  hot,  I  would  say  that  the  glower  is  by  no  means  brittle  at 
that  temperature.  If  a  glower  is  too  long  and  heavy,  it  will  sag, 
but  if  properly  proportioned,  it  will  remain  almost  perfectly 
straight.  1  do  not  think  there  is  any  danger  of  flowers  breaking 
in  car  service,  although  1  do  not  speak  from  experience. 

I  am  not  able  to  ^ive  any  information  regarding  the  photo- 
graphic properties  of  the  ^ernst  light.     As  yet,  we  have  not 
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made  any  investigatioDS  in  this  direction.  I  can  imagine  that 
the  liorht  might  be  useful  in  this  sphere. 

The  reason  we  use  four  heater  tubes  to  light  two-glowers  is 
this :  Suppose  that  the  two-glowers  immediately  underneath  the 
two  heater  tubes  were  burned  out,  then  the  other  glowers  would 
not  light.  We  must  be  able  to  start  any  t^o  of  the  six-glowers 
and  this  requires  four  heater  tubes.  The  principal  idea,  of 
course,  in  cutting  out  the  heater  when  two-glowers  are  lighted  is 
to  save  the  heater  from  being  cut  in  when  three  or  four-glowers 
are  burned  out.  With  only  two  heater  tubes,  there  would  cer- 
tainly be  danger  at  times  of  not  lighting  the  lamp. 

Mb.  Howbll: — i  got  a  wrong  impression  from  page  531,  Mr. 
President,  where  I  spoke  of  the  normal  current  of  a  lamp  as  f 
ampere,  and  starting  current  3^.  That  is  a  mistake.  The  nor- 
mal current  is  not  f ,  but  2.3  amperes.  Tiiat  .75  was  for  one 
fflower,  so  that  the  short-circuit  effect  I  spoke  of  would  be 
nothing:. 

President  Stbinmetz: — Gentlemen,  we  have  had  a  very  in- 
teresting paper  and  a  very  interesting  discussion.  I  may  draw 
your  attention  to  one  feature.  If  there  are  any  further  questions 
to  ask  they  might  be  asked  by  communication  and  wilt  be  sub- 
mitted to  Mr.  Wurts,  and  he  can  answer  them  by  communication, 
so  tliat  if  any  question  has  been  left  unasked  to-day  you  still  have 
a  chance  to  ask  it  and  to  get  an  answer. 

[Adjourned  to  Saturday,  Aug.  24.] 


[communicated  after  adjournment.] 

Prof.  A.  J.  Rowland  :— As  I  listened  to  the  discussion  of  Mr. 
Wurts'  paper,  I  was  impressed  by  the  importance  of  the  number 
of  candles  power  given  bv  a  light  source.  In  his  paper,  Mr. 
Wurts  adheres  pretty  carefully  to  the  lamps  as  being  1  glower, 
or  6  glower,  and  the  like,  only  mentioning  candle  power  when 
the  efficiency  of  the  light  is  considered.  In  the  discussion,  how- 
ever, and  at  the  Westinghouee  Company's  magnificent  display  in 
the  Electricity  Building,  constant  re^rence  is  made  to  their 
candle  power,  while  commercially  the  lamps  are  rated  as  50  c.  p. 
and  multiples  of  that  (p.  655  of  the  paper).  This  figure  is  evi- 
dently the  "end  on  "  candle  power.  In  the  Nernst  lamp,  then, 
we  have  the  one  first  to  be  commercially  rated  for  candle  power 
and  efficiency  upon  the  '•  end  on  "  candle  power,  the  importance 
of  which  is  recognized  by  Mr.  Wurts  in  his  paper  by  designating 
it  as  desk  illuminating  power.  Personally,  I  not  only  think  this 
of  the  highest  importance,  but  one  of  the  things  which  will  make 
[Nernst  lamps  of  the  utmost  value.  I  shall  be  greatly  surprised 
if  it  does  not  have  a  most  imp  ^rtant  bearing  on  the  commercial 
rating  of  other  artificial  illuminants,  especially  those  using  the 
electric  current,  when  the  Nernst  lamp  comes  into  competition 
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with  them.  This  is  not  an  argument  for  **  end  on"  candle  power 
as  the  impoi-tant  one ;  but  a  question,  why  in  these  lamps,  which 
must  compete  viith  lamps  of  other  types  in  present  use,  the 
glowers  were  not  placed  to  give  maximum  candle  power  from  the 
sides  of  the  lamp,  naturally  suggests  itself. 

As  I  have  thought  of  the  ISTernstlamp  and  its  probable  future, 
now  that  in  the  hands  of  Mr.  Wurts  ana  his  assistants  it  has  been 
prepared  in  such  complete  and  careful  way  for  American  service, 
it  has  seemed  to  me  that  it  mnst  take  a  place  which  is  tilled 
neither  by  arc  nor  incandescent  lamps.  In  tact,  the  Nernst  lamp 
seems  to  be  a  sort  of  cross  between  the  arc  and  the  incandescent 
lamp,  in  which  some  of  the  faults  of  each  are  suppressed  and  the 
good  features  retained. 

The  incandescent  lamp,  as  ut-ually  constructed,  is  very  deficient 
in  "end  on"  candle  power;  the  arc  lamp  throws  no  light  directly 
below  it,  except  by  diffusion  through  the  globes.  The  Nemst, 
on  the  contrary,  gives  its  maximum  candle  power  in  the  "end 
on"  direction,  or  directly  below  it.  Even  Mr.  Howell,  in  his- 
remarks,  recognized  the  importance  of  desk  illuminating  power 
by  noting  the  fact  that  the  arc  lamp  fjiils  by  not  sending  its  light 
below  it. 

The  Nernst  lamp  somewhat  suggests  the  enclosed  arc  lamp  in 
the  form  in  which  Mr.  Wurts  has  shown  it,  and  has  its  merits, 
but  it  has  others  which  the  enclosed  arc  lamp  lacks.  The  light 
is  in  the  right  place,  the  efficiency  is  high,  the  color  of  the  lisrht 
is  very  good,  and  the  light  is  steady.  I  do  not  think  that  Mr. 
Wurts  gives  full  credit  to  the  real  efficiency  of  the  Nernst  lamps^ 
as  compared  with  arc  lamps,  for  the  latter  have  their  candle 
power  cut  down  so  very  much  indeed  by  globes  (put  on  for  tha 
sake  of  producing  better  light  distribution  or  to  suppress  the 
purple  color  of  the  arc  itself)  that  a  maxifnum  candle  power  of 
200  from  a  5-ampere  110- volt  lamp  is  all  that  is  procured. 

The  trimming  of  a  Nernst  lamp  is  not  much  different  from 
the  trimming  of  an  arc  lamp,  but  the  ease  with  which  the  smaller 
sizes  at  least  may  be  removed  as  one  would  remove  an  incandes- 
cent lamp,  so  that  such  repairs  as  would  be  impossible  for  an 
incandescent  lamp  may  be  done  on  them,  is  very  noteworthy. 
By  this  method  of  construction  the  new  lamps  are  adapted  to 
interior  work  where  lamps  supplying  light  witn  poor  color  could 
only  be  used  in  the  past. 

1  do  not  believe  that  the  color  of  the  light'  from  the  glower  of 
a  Nernst  lamp  can  be  considered  equivalent  to  daylight,  how- 
ever. An  ideal  artificial  light  must  have  color  like  daylight  a& 
one  of  its  requisites.  So  far  as  I  am  aware,  no  experiments  have 
been  made  which  show  that  the  light  from  the  Nernst  lamp& 
has  this  quality.  Matching  colors  by  incandescent  lamps  and 
then  by  Wernst  lamps  does  not  show  it ;  even  an  analysis  of  the 
light  into  its  spectrum  determines  little  in  this  direction.  The 
light  from  incandescent  gas  lamps  (when  a  mantle  of  rare  earths 
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is  used)  is  often  called  cold,  ghastly  and  the  like ;  and  there  ap- 
pears to  be  an  absence  of  the  red  rays,  too  plentifully  present  in 
nearly  all  artificial  lights.  I  hope  this  fault  is  not  one  to  be 
founa  when  rare  earths  are  used  as  a  light  source  by  being  heated 
with  the  electric  current,  but  cannot  see  how  it  can  fail  to  be  so. 

One  of  the  speakers  in  the  discussion  has  asked  questions  re- 
garding the  depreciation  of  candle  power  with  life  in  the  Nernst 
lamp.  In  this  connection  I  want  to  say  that  I  am  very  confident 
that  the  depreciation  in  candle  power  of  Welsbach  mantle  lights 
(which  give  the  best  example  of  the  use  of  rare  earths  in  lighting 
work)  is  immensely  overstated.  I  fear  that  most  figures  one  sees 
have  been  prepared  by  those  who  have  most  to  fear  from  the 
competition  of  improved  gas  lighting.  I  speak  with  a  knowledge 
of  the  most  elaborate  experiments  which  have  been  carried  out 
on  Welsbach  mantles  in  this  country,  when  I  say  that— burned 
as  Welsbach  mantles  commonly  are,  at  the  highest  candle  power 
attainable  with  the  gas  volume  and  pressure  available  from  a 
given  burner — the  average  depreciation  is  not  over  10  per  cent, 
for  the  first  hundred  hours,  quite  a  bit  of  which  is  due  to  shrink- 
1^  of  the  mantle  to  the  shape  of  the  unseen  flame  within.  The 
life  of  a  mantle  is  more  than  comparable  with  the  life  of  the 
ordinary  incandescent  lamp.  I  do  not  believe  the  Nemst  lamp 
has  to  fear  failure  from  rapid  depreciation  in  candle  power.  Bv 
suitably  regulating  the  temperature  of  the  flower  and  its  efii- 
ciency,  doubtless  results  quite  as  good  as  with  incandescent  lamps 
can  be  obtained. 

With  regard  to  the  possibility  of  the  Nernst  lamp  operating 
on  3,000  alternations,  attention  may  be  called  to  the  fact  that  aa 
the  incandescent  lighting  of  the  Fan  American  Exposition  is 
with  alternating  current  at  3,000  alternations.  It  talces  a  very 
close  observer  to  see  any  flicker,  in  spite  of  the  fact  that  the 
candle  power  of  the  lamps  is  low  and  the  filaments  therefore 
very  slender,  so  that  their  beating  and  cooling  would  readily  fol- 
low the  fluctuation  of  current  through  them. 
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NOTES  ON  MODERN  ELECTRIC  RAILWAY 
PRACTICE. 


BT    iLLBBBT  H.  ARMSTRONG. 


During  the  past  few  years  electric  traction  work  has  been 
passing  through  a  transition  period,  outgrowing  the  restricted 
limits  of  eitj  surface  traiBc  and  encroaching  upon  a  class  of  work 
hitherto  accomplished  with  the  steam  locomotive.  The  broadening 
of  the  electric  traction  field  has  necessitated  considerable  devel- 
opment in  the  motive  power,  and  the  transmission  and  coUec- 
sion  of  electrical  energy,  and  it  is  the  purpose  of  this  paper  to 
briefly  review  some  of  the  more  important  problems  in  elec- 
trical traction  now  in  course  of  installation  or  under  serious  dis- 
cussion. 

The  first  case  to  be  considered  is  the  small  city  railway  whqj^e 
600- volt  direct  current  generation  and  distribution  amply  suf- 
fices. As  the  system  grows  and  the  demand  for  suburban  ser- 
vice increases,  it  becomes  necessary  to  install  either  a  large 
amount  of  feeder  copper,  a  booster,  or  a  storage  battery.  All 
of  these  expedients  to  take  care  of  the  suburban  load  are  tem- 
porary, however,  as  they  do  not  possess  inherent  qualifications 
sufficient  to  care  for  a  rapidly  growing  system.  There  is  a  limit 
to  the  amount  of  feeder  copper  that  can  be  economically  in- 
stalled ;  the  booster  if  used  continuously  brings  the  coal  con- 
sumption up  to  a  prohibitive  figure ;  and  the  storage  battery  is 
not  adapted  for  an  expanding  system,  and  furthermore  cannot 
successfully  take  care  of  long  sustained  overloads  at  the  end  of  a 
suburban  line  fed  from  a  city  system. 
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TraDBmitting  energy  by  alteniatiDg  current  affords  a  means  of 
feeding  a  large  territory  from  a  single  generating  station,  but  in 
the  case  of  a  small  city  road  the  amount  of  alternating  current 
required  is  a  small  proportion  of  the  total  generating  station 
capacity,  the  bulk  of  which  calls  for  500-volt  direct  current. 
The  best  method  of  meeting  this  demand  for  suburban  service 
is  therefore  to  install  in  the  d.  o.  generating  station  a  standard 
rotary  converter  operated  from  the  d.  o.  bus  bars  as  an  inverted 
machine,  and  feeding  a  similar  machine  at  the  objective  point 
by  means  of  step-up  and  step-down  transformers.  The  advan- 
tage of  this  method  of  generation  is  that  both  machines  may  be 
used  as  converters  later  on  when  the  suburban  load  has  increased 
sufficiently  to  warrant  the  installation  of  alternating  current 
generators,  replacing  the  direct  current  machines  in  the  city 
station.  Double  current  generators  may  be  used,  furnishing 
direct  current  for  local  consumption  and  alternating  current  for 
distribution  purposes,  but  the  installation  of  such  machines  pre- 
supposes that  the  ultimate  load  will  be  approximately  evenly 
divided  between  the  d.  o.  and  a.  c.  output.  It  is  probable, 
however,  that  the  a.  o.  output  will  increase  in  a  much  faster 
ratio  than  the  d.  c.  with  its  restricted  area  of  distribution,  so 
that  double  current  machines  do  not  afford  the  same  convenience 
for  taking  care  of  future  growth  as  do  standard  alternating  cur- 
rent generators  furnishing  alternating  current  only. 

The  direct  current  system  of  generation,  even  for  city  dis- 
tribution, becomes  greatly  handicapped  vnth  the  continued 
growth  of  the  city,  owing  to  the  large  amount  of  power  to  be 
transmitted  and  the  wide  area  which  the  city  covers  with  its 
probably  efficient  street  car  service,  thus  relieving  congestion  in 
the  center  of  the  city.  The  alternating  current  generating 
station  with  substations  scattered  throughout  the  city  appears  to 
be  the  trend  of  the  city  distributing  systems  even  where  subur- 
ban connections  do  not  exist,  and  where  such  suburban  exten- 
sions do  exist,  all  arguments  point  still  more  to  the  alternating 
current  as  the  proper  method  of  generating  and  distributing 
railway  power. 

One  great  advantage  of  the  alternating  current  lies  in  its 
affording  a  means  of  consolidating  adjacent  roads  under  one 
system  of  generation  and  distribution ;  indeed,  the  alternating 
current  is  a  prime  factor  in  such  consolidations,  as  it  effects  a 
large  saving  in  operating  expenses  by  doing  away  with  the  many 
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«mall  direct  current  stations  required  with  the  local  6(>0  volt 
D.  o.  power-house. 

The  above  discussion  considers  primarily  the  city  surface  road 
with  suburban  extensions  running  at  moderate  speed  and  operat- 
ing cars  of  moderate  weight,  say,  fifteen  to  eighteen  tons.  The 
growth  of  such  a  system  in  this  country  has  been,  first,  the  in- 
stallation of  D.  c.  operating  apparatus,  then  the  motor  or  engine 
driven  booster,  followed  by  the  inverted  rotary  converter  with 
sltemating  transmission,  and  finally,  as  the  system  expands,  a 
large  generating  station  containing  high-tension  alternating  ap- 
paratus with  several  rotary  converter  substations  suitably  located 
to  take  care  of  the  various  parts  of  the  system. 

There  is  another  class  of  railroads  which  differs  in  many  points 
from  the  ordinary  city  lines,  and  included  in  this  list  are  the 
elevated  and  underground  rapid  transit  roads.  The  problem 
presented  here  is  the  operation  of  trains  of  two  to  six  cars, 
weighing  from  50  to  150  tons,  at  schedule  speeds  ranging  from 
13  to  16  miles  per  hour,  with  stops  averaging  from  three  down 
to  two  per  mile.  These  roads  operate  on  private  right  of  way, 
stopping  at  designated  stopping  points,  and  are  not  influenced 
in  any  way  by  the  surface  traffic  of  the  city  streets. 

The  motive  power  to  operate  these  trains  at  high  schedule 
speeds  and  with  frequent  stops  must  be  so  designed  that  it  can 
give  an  enormous  torque  during  acceleration,  and  the  controlling 
apparatus  must  provide  for  the  efficient  handling  of  these  motors 
during  fractional  speed  running.  The  problem  becomes  one  of 
carefully  determining  the  proper  motor  characteristics  for 
efficient  acceleration,  and  a  proper  motor  design  so  that  unsafe 
temperatures  will  not  be  reached  from  repeated  temporary  over- 
loading of  the  motors. 

Direct  current  has  been  generally  used  for  such  work,  while 
the  system  of  transmitting  the  electrical  energy  is  in  a  transition 
period,  but  gradually  changing  over  in  the  older  installations 
and  being  installed  in  the  newer  installations  as  alternating  cur- 
rent generation  with  rotary  converter  substations  operating  at 
600-volts  D.  o.  The  reasons  are  the  same  as  those  influencing 
the  change  of  the  generating  stations  operating  surface  lines— the 
inability  of  a  single  direct  current  generating  station  to  feed  the 
large  systems  in  operation  with  a  reasonable  amount  of  feeder 
copper,  and  the  reduction  in  operating  expenses  resulting  from 
replacing  several  d.  g.  stations  with  a  single  a.  c.  station  well 
located. 
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The  D.  c.  Belies  motor  seems  particularly  well  adapted  for  the 
propulsion  of  rapid  transit  trains  running  at  variable  speeds.  Of 
the  total  input  to  the  train,  a  property  designed  motor  equip- 
ment will  give  out  over  70  per  cent,  as  useful  work  at  the  car 
wheels — that  is,  all  the  losses  occurring  in  the  motors  and  in  the  con- 
trolling apparatus  are  less  than  80  percent,  of  the  total  energy  in- 
put to  the  train.  Where  the  runs  are  longer,  and  the  train  is  per- 
mitted to  run  for  some  distance  at  full  speed,  the  losses  are  of  course 
considerably  less;  but  even  with  the  frequency  of  stops  ruling  in 
our  elevated  roads,  the  '*  efficiency  of  acceleration,"  so-called,  is 
very  high.  This  high  efficiency  of  acceleration  is  due  to  the 
fact  that  direct  current  series  motors  can  accomplish  a  considera- 
ble part  of  the  acceleration  of  a  train  on  the  motor  curve  with 
starting  resistances  entirely  cut  out  and  motors  operating  with 
full  line  potential.  This  part  of  the  acceleration  curve  may  be 
made  at  an  efficiency  of  over  85  per  cent.,  thus  making  np  for 
the  starting  resistance  losses  while  the  motors  are  running  at 
fractional  voltage.  In  making  the  above  efficiencies  of  accel- 
eration it  is  understood  that  the  series  parallel  controller  is  used. 
A  slightly  better  efficiency  of  acceleration  is  obtained  by  a  series 
parallel  controller  provided  for  starting  with  four  motors  in 
series,  changing  to  tM-o  in  series,  then  all  in  multiple;  but  the 
complication  of  this  controller  is  not  warranted  by  the  one  or  two 
per  cent,  higher  efficiency  obtained  with  it. 

Elevated  and  rapid  transit  roads  within  the  cities  are  bnilt 
along  the  following  lines :  A  single  alternating  current  generat- 
ing station  well  located  with  respect  to  cheap  fuel  and  water,  a 
transmission  line  consisting  of  underground  triple  lead-covered 
cables  leading  to  substations  suitably  located  with  regard  to  the 
load,  and  operating  at  600-volt8  d.  c,  a  d.  o.  distribution  system 
consisting  of  third  rail  and  track  return  with  feeders  of  either 
copper  or  rail,  if  required,  and  finally  direct  current  series  motors 
mounted  either  upon  a  locomotive  or  motor  car,  and  controlled 
by  a  single  controller  or  distributed  throughout  the  train  and  con- 
trolled from  a  system  of  train  control. 

There  is  a  new  class  of  railways  which  is  becoming  the  center 
of  great  attention.  These  are  high  speed  interurban,  or  cross 
country  lines  of  considerable  extent.  These  lines  operate  on  pri- 
vate right  of  way,  are  carefully  graded,  have  few  sharp  curves 
and  operate  cars  weighing  from  30  to  40  tons  at  schedule  speeds 
as  high  as  40  miles  per  hour,  including  stops  at  every  three 


Digitized  by  VjOOQIC 


1901.]  ARMSTRONG  ON  BLEOTRIC  RAIL  WA  Y.  693 

miles  or  more.  These  roads  are  paralleliqg  the  steam  roads  and 
make  the  same  schedule  speed  as  the  steam  roads  provide,  with 
the  additional  benefit  of  more  frequent  stops.  Owing  to  the 
great  tractive  effort  provided  ^^ith  motors  connected  to  each 
axle,  trains  electrically  driven  can  accelerate  much  faster  and 
hence  maintain  the  same  schedule  with  more  frequent  stops  than 
it  is  possible  to  accomplish  with  steam  locomotives. 

These  interurban  lines  operate  their  cars  through  the  city 
streets  at  the  termini,  thus  picking  up  and  discharging  passen- 
gers at  the  most  objective  points  and  thereby  making  them  still 
keener  competitors  of  the  steam  railway  systems.  Owing  to  the 
high  speed  of  these  heavy  suburban  cars  and  the  necessity  for 
fairly  rapid  acceleration,  each  car  or  train  unit  will  demand  a 
considerable  current  when  starting  np.  This  current  may  reach 
400  to  600  amperes  per  car,  falling  to  150  to  200  amperes  per 
car  when  running  at  constant  speed  of  50  miles  per  honr,  or 
more.  Some  interurban  roads  are  being  installed  contemplating 
a  maximum  speed  of  nearly  70  miles  per  hour,  so  it  is  evident 
that  the  motors  as  well  as  the  distributing  system  must  be  so 
designed  that  they  can  take  care  of  enormous  fluctuations  in 
load.  As  these  interurban  systems  are  now  being  installed  with 
100  miles  or  more  of  track,  the  advantage  of  alternating  current 
distribution  at  high  potential  is  evident,  and  this  method  of  dis- 
tribution is  universally  used.  Substations  are  located  at  intervals 
of  ten  to  fifteen  miles,  and  may  or  may  not  be  equipped  with 
storage  batlery  auxiliaries.  The  storage  battery  effects  a  more 
uniform  load  curve  on  each  individual  substation,  but  the  effect 
of  such  storage  battery  auxiliaries  upon  the  generating  station 
load  curve  may  be  quite  small,  due  to  the  number  of  substations 
fed  from  a  single  generating  station.  A  single  alternating  cur- 
rent generating  station  operating  at  26,000  volts  can  feed  the 
territory  lying  within  60  miles  radius  of  the  power-house,  and 
the  load  thus  secured,  although  violently  fluctuating  at  the  in- 
dividual substations,  is  greatly  smoothed  out  when  the  resultant 
load  of  the  several  substations  is  read  upon  the  generating  station 
bus  bars. 

In  interurban  work  the  direct  current  series  motor  shows  itself 
to  be  capable  of  taking  care  of  the  widely  different  demands 
placed  upon  the  motive  power.  For  instance,  the  cars  must  be 
able  to  run  for  long  distances  at  full  speed  with  infrequent  Btops, 
but  must  also  be  capable  of  operating  over  city  streets  «t  city 
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schedules  with  the  stops  six  to  ten  per  mile  castomarj  in  city 
work.  The  series  parallel  control  of  motors  is  of  course  a  con- 
siderable help,  as  it  permits  half  speed  running  with  motors  in 
series,  but  even  this  half  speed  may  be  too  high  for  city  work^ 
thus  calling  for  considerable  rheostatic  control  with  motors  in 
series. 

Although  great  care  is  taken  in  laying  out  suburban  roads  to 
keep  down  the  grades  and  eliminate  the  curves  as  far  as  possible, 
still  the  grades  may  be  heavier  than  would  be  permissible  with 
steam  locomotive  propulsion,  owing  to  the  greater  traction  pro- 
vided with  electrically  propelled  cars.  The  characteristic  of  the 
series  motor  which  permits  it  to  slow  down  on  grades,  and  speed 
up  on  levels  is  therefore  very  valuable  in  this  kind  of  service,  as 
it  reduces  the  fluctuations  upon  both  the  motive  power  and  the 
distributing  system. 

The  qualifications  of  the  direct  current  series  motor  for  inter- 
urban  work  have  been  entered  into  at  some  length,  as  there  is 
another  method  of  electrical  distribution  coming  into  notice — 
alternating  generation  and  transmission,  and  alternating  induction 
motors  upon  the  cars.  The  system  consists  in  brief  of  a  multi- 
phase generating  station  feeding  into  transmission  wires  extend- 
ing along  the  line  of  travel,  feeding  at  frequent  intervals  into 
step-down  transformers  which  reduce  the  transmission  potential 
to  a  still  considerable  pressure  for  the  overhead  trolleys.  Induc- 
tion motors  receive  their  power  directly  from  these  trolleys  and 
are  geared  to  the  car  axles  by  the  standard  method. 

A  principal  advantage  of  the  induction  motor  system  lies  in 
the  reduction  of  the  labor  account  due  to  the  elimination  of  at- 
tendance at  the  substations,  the  step-down  transformers  being 
eelf-cooled  and  requiring  no  more  than  casual  inspection.  Where 
the  train  service  is  infrequent  and  does  not  justify  the  expense 
of  substation  attendance  every  12  or  15  miles,  the  induction 
motor  system  offers  a  substitute  to  the  converter  system  worthy 
of  very  careful  consideration.  As  the  induction  motor  system 
introduces  several  features  which  are  new,  viewed  from  a  direct 
current  standpoint,  a  few  of  its  characteristics  will  be  touched 
upon. 

The  induction  motor,  while  not  a  synchronous  piece  of  ap- 
paratus, is  such,  so  far  as  its  behavior  in  railway  work  is  con- 
cerned. A  car  equipped  with  such  motors  will  run  at  practically 
constant  speed  up  grade  and  down,  or  on  level,  thus  making  the 
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car  speed  nearly  independent  of  the  profile  of  the  road.  The 
speed  of  the  induction  motor,  depending  upon  the  frequency  of 
the  source  of  supply,  is  not  affected  by  the  voltage,  provided  the 
voltage  is  sufficiently  high  to  provide  the  torque  required.  This 
constant  speed  quality  of  the  induction  motor  at  first  sight 
appears  to  be  a  desirable  feature,  as  it  would  seem  to  eniure  the 
maintenance  of  a  constant  schedule  speed  not  influenced  by 
grades.  The  greatest  objection,  however,  is  that  the  practically 
constant  speed  of  the  induction  motor  car  up  the  severest  grades 
calls  for  a  very  large  motor  output  and  produces  much  more  violent 
fluctuations  upon  the  distributing  and  generating  system  than  is 
the  case  with  the  d.  o.  series  motor,  which  falls  off  considerably  in 
speed  on  heavy  grades.  The  system,  being  alternating  through- 
out, provides  no  means  of  introducing  storage  batteries  to  smooth 
over  these  excessive  fluctuations,  and  they  are  more  liable  to 
reach  the  generating  station  and  produce  an  irregular  load  curve 
with  its  greater  coal  consumption  than  is  the  case  with  direct 
current  series  motors  and  rotary  converter  substations,  even 
though  this  may  be  used  without  storage  battery  auxiliaries. 
Where  the  system  is  so  extensive  that  each  individual  ear  or 
train  is  a  small  increment  of  the  total  load,  this  objection  of  fluc- 
tuations upon  the  generating  station  will  of  course  not  hold  true. 
The  motive  power,  however,  must  provide  for  the  running  of 
the  car  or  train  up  the  steepest  grade  at  practically  the  same 
speed  at  which  the  car  operates  upon  a  level,  and  the  motors  must 
therefore  be  designed  to  stand  a  greater  output  for  the  same 
service  performed  than  the  direct  current  series  motor. 

The  induction  motor  can  give  only  a  certain  maximum  torque 
with  a  given  impressed  line  voltage,  and  as  this  torque  decreases 
with  the  square  of  the  impressed  voltage,  it  will  be  necesary  to 
carefully  determine  the  operating  conditions  of  the  motor  and  of 
the  distributing  system  in  order  that  the  motor  may  be  able  to 
start  its  car  or  train  upon  the  heaviest  grade  with  the  minimum 
line  potential  met  with  in  operation.  The  direct  current  series 
motor  can  give  a  torque  much  in  excess  of  any  service  demand, 
without  sacrificing  its  running  qualities  at  light  loads.  Kailway 
service  calls  for  a  large  overload  capacity  of  its  motive  power, 
and  the  induction  motor  can  meet  these  infrequent  demands  only 
by  a  design  which  sacrifices  some  of  its  advantages  for  normal 
operation.  For  example,  a  motor  car  to  be  successful  must  be 
able  to  operate  through  snow  storms,  occasionally  haul  a  trailer. 
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or  push  in  a  disabled  motor  car  over  the  irregular  profile  of  the 
road.  An  induction  motor  car  designed  to  provide  just  suflBcient 
torque  to  operate  itself  alone,  would  fail  to  give  the  commercial 
datief action  which  is  given  by  the  direct  current  series  motor  car 
with  its  capability  of  standing  enormous  overloads  for  a  short 
time.  It  is  evident  that  the  practically  synchronous  operation 
and  limited  torque  of  induction  motors  introduce  a  number  of 
problems  into  high  speed  interurban  work  not  met  with  in  direct 
current  distribution,  and  that  the  motive  power,  transformer 
substations,  distributing  system  and  generating  systetn  must  all 
be  designed  very  liberally  in  order  to  take  care  of  the  violent 
and  large  fluctuations  inherent  in  the  operation  of  the  railway 
induction  motor. 

The  induction  motor,  like  any  piece  of  alternating  apparatus, 
demands  a  magnetizing  current,  and  this  current  is  much  larger 
than  that  met  with  in  stationary  motors,  due  to  the  larger  air- 
gaps  demanded  in  traction  work.  Stationary  motors  can  run  at 
air-gaps  of  but  three  or  four  thousandths  of  an  inch,  but  the  rail- 
way man  would  decline  to  assume  the  responsibility  of  keeping 
up  his  bearings  for  any  such  air-gap.  Increasing  the  air-gap  will 
raise  the  magnetizing  current,  lower  the  power  factor  of  the  sys- 
tem, and  hence  increase  the  size  and  cost  ot  the  distributing  and 
generating  apparatus.  The  necessity  of  designing  the  railway 
induction  motor  to  meet  unusual  demands  occurring  very  unfre- 
quently  further  increases  this  magnetizing  current,  due  to  the 
high  density  required  in  the  iron  circuit  with  a  reasonable 
motor  weight.  Even  with  a  liberal  air-gap,  viewed  from  an  in- 
duction motor  standpoint,  such  a  motor  demands  a  clearance 
between  field  and  armature  nearly  50  per  cent,  less  than  is  com- 
mon practice  with  d.  o.  motors.  The  maintenance  of  linings  with 
a  small  gap  is  a  matter  for  consideration,  particularly  when  it  is 
remembered  that  when  the  armature  of  an  induction  motor 
strikes  its  field,  it  may  destroy  two  sets  of  windings  as  the  field 
is  a  duplication  of  the  armature  winding.  We  are  therefore 
confronted  with  the  maintenance  of  an  air-gap  of  half  the  width 
and  double  the  expense  of  repair  with  the  induction  motor  to 
offset  the  small  commutator  maintenance  of  the  d.  o.  motor. 

The  installation  of  high-speed  interurban  roads  in  this  country 
has  been  brought  about  by  the  financial  success  of  the  earlier 
roads  of  this  character.  Because  a  system  is  operative  is  no 
reason  for  its  adoption  unless  there  is  sufiicient  promige  of  its 
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superiority  over  present  methods.  Our  interurban  and  suburban 
roads  possess  a  very  strong  advantage  in  being  able  to  traverse 
city  streets  en  route  and  at  their  termini.  All  the  large  cities  in 
this  country,  and  most  of  the  smaller  ones,  have  direct  current 
railway  systems  in  operation,  and  the  direct  carrent  interurban 
and  suburban  system  can  therefore  run  its  cars  over  existing  city 
systems  without  in  any  way  conflicting  with  the  operation  of 
such  roads.  The  induction  motor  interurban  system,  on  the 
other  hand,  would  necessitate  the  changing  of  cars  at  the  out- 
skirts of  the  termini  cities,  running  around  the  cities  passed  en 
route,  or  else  the  equipment  of  unused  streets  with  double  trolley 
and  alternating  current ;  or  as  an  alternative,  changing  over  the 
generating  and  distributing  system  and  motive  power  of  all  cities 
entered,  to  alternating  current.  There  are  a  number  of  engineer- 
ing diflGiculties  to  overcome  before  such  a  change  would  be  com- 
mercially practical. 

A  chief  advantage  of  the  induction  motor  system  lies  in  the 
ability  of  running  motors  from  trolley  potentials  far  in  excess  of 
600  volts  imiversally  used  with  direct  current  series  motors.  Not 
having  any  commutator,  the  induction  motor  can  use  trolley 
potentials  of  several  thousand  volts,  and  proper  line  insulation 
and  safety  in  operating,  are  the  only  limits  placed  upon  the  trol- 
ley voltage.  Owing  to  the  large  lagging  currents  demanded  by 
induction  motor  roads  which  operate  at  power  factors  ranging 
from  50  to  75  per  cent.,  it  is  desirable  to  use  as  high  a  potential 
as  possible  in  order  to  eliminate  the  excessive  feeder  copper  or 
frequent  transformer  substations  required  with  low  voltage  dis- 
tribution. A  trolley  potential,  therefore,  of  2,000  or  3,000  volts 
offers  advantages  in  interurban  distribution  well  worth  the  extra 
expense  and  development  needed  to  insulate  trolley  and  car 
wiring  at  this  comparative  high  potential.  In  order  that  the 
motive  power  will  be  reasonably  cheap,  and  bearing  in  mind  that 
such  motive  power  must  stand  maximum  demands  considerably 
in  excess  of  the  direct  current  motor,  it  is  advisable  to  wind  the 
motors  directly  for  the  trolley  potential  rather  than  introduce 
the  expense  and  provide  space  for  step-down  transformers.  We 
are  therefore  confronted  with  the  difficulty  of  running  a  3,000- 
volt  trolley  through  small  cities  along  the  route  and  into  large 
cities  at  the  termini,  even  assuming  that  the  cost  of  changing 
over  such  systems  to  alternating  current  would  be  justified. 
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Step-down  transformers  installed  apon  the  car,  redacing  from 
3,000  to  600  volts,  open  the  possibility  of  runniHg  motors  with- 
out step-down  tmnsformers  on  city  streets,  and  with  step-down 
transformers  when  the  trolley  potential  is  3,000  volts  in  the 
open  country.  The  double  trolley,  however,  complicates  the 
city  system  and  adds  additional  expense  to  the  already  expensive 
motor  equipment.  The  induction  motor,  moreover,  is  not  adapted 
to  city  street  running,  calling  as  it  does  for  constant  acceleration 
and  eiBcient  operation  at  fractional  speeds.  Instead  of  efficienciea 
of  acceleration  in  the  seventies  obtained  with  direct-current  mo 
tors,  the  induction  motor  would  give  an  efficiency  of  only  40  to 
45  per  cent,  during  acceleration  with  a  corresponding  increase 
in  coal  consumption,  making  it  compare  very  unfavorably  with 
the  direct  current  motor  for  city  work.  The  adoption  of  the 
induction  motor  for  interurban  work  seems  limited,  therefore,  to 
those  roads  running  on  private  right  of  way  throughout,  and 
'  having  no  connection  with  existing  city  systems  at  their  termini 
or  en  route.  Even  in  this  class  of  roads,  if  the  service  is  at  all 
frequent  and  profile  very  irregular,  the  direct  converter  system 
with  its  third  rail  distribution  may  prove  cheaper  to  install  and 
operate.  The  reduction  in  operating  expenses  which  the  induction 
motor  effects  by  dispensing  with  rotary  converter  sub-station 
attendants  may  be  more  than  offset  by  introducing  apparatus 
whose  volt-ampere  capacity  may  be  double  the  x..  w.  capacity 
required,  and  which  furthermore  may  operate  with  a  very  irregu- 
lar and  inefficient  load  curve  as  compared  with  the  load  curve 
produced  with  d.  c.  series  motors. 

The  writer  has  endeavored  above  to  bring  out  a  few  of  the 
obstacles  in  the  way  of  the  success  of  the  induction  motor  for 
general  interurban  work.  There  are,  of  course,  special  instancea 
where  the  roadbed  is  practically  level,  grades  and  curves  being 
eliminated  and  the  conditions  ideal  for  the  installation  of  induc- 
tion railway  motors.  It  is  unfortunate,  however,  that  all  inter- 
urban roads  cannot  pick  out  a  level  country,  or  have  unlimited 
capital  at  the  back  of  them  in  order  to  provide  ideal  conditions 
for  the  motive  power.  In  fact,  the  motive  power  must  accom- 
modate itself  to  the  physical  limitations  of  the  road,  and  it  is 
just  here  that  the  direct  current  series  motor  shows  its  superiority 
to  the  induction  motor  where  the  profile  is  irregular  and  where 
the  service  consists  of  mixed  city,  suburban,  and  interurban  high- 
speed work.     As  before  stated,  interurban  high-speed  roads  are 
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being  rapidly  extended  in  this  country  owing  to  their  economic 
success,  and  in  a  large  number  of  cases  coming  under  the  writer's 
obseryation,  the  induction  motor  could  not  compete  in  first  cost 
of  installation,  nor  in  expense  of  operating  with  the  d.  o.  motor, 
operated  from  rotary  converter  substations  and  high-tension 
alternating  transmission.  The  expense  of  the  few  men  required 
to  operate  substations  is  a  very  small  item  in  the  total  operating 
expenses  of  the  road,  and  as  our  interurban  roads  more  nearly 
approach  steam  practice,  they  require  attendants  every  10  or  15 
miles  to  serve  as  ticket  agents,  train  dispatchers,  etc.,  so  that 
with  a  well-organized  interurban  system,  the  item  of  substation 
attendance  can  be  largely  charged  to  the  general  operation  of  the 
road  and  not  to  the  cost  of  producing  power. 

The  ideal  conditions  for  the  operation  of  induction  railway 
motors  seem  to  be  a  regular  profile,  either  level  or  a  uniform 
up-grade,  private  right  of  way  with  no  city  or  suburban  running, 
infrequent  service,  and  freedom  from  unexpected  and  fluctuating 
demands  upon  the  motive  power.  Electric  railway  work  up  to 
the  present  has  demanded  considerable  of  the  motive  power  in 
the  way  of  meeting  large  momentary  overloads,  running  at  dif- 
ferent speed,  line  voltage,  etc.,  and  the  direct  current  series 
motor  has  shown  itself  well  equipped  to  meet  these  requirements. 
The  induction  motor  is  more  adapted  for  operation  under  pre- 
determined conditions,  and  its  design  does  not  lend  itself  to  the 
same  broad  field  of  usefulness  now  covered  by  the  direct  current 
series  motor. 

In  a  service  calling  for  frequent  stopping  where  the  demand 
upon  the  motors  is  largely  acceleration  work,  the  induction  motor 
must  dissipate  considerably  more  energy  for  the  same  service  per- 
formed than  the  direct  current  motor,  and  hence  must  be  corre- 
spondingly heavier  and  more  expensive.  For  constant  speed 
running,  the  induction  motor,  however,  must  dissipate  but  little 
mora  energy  than  the  d.  o.  motor,  and  from  the  nature  of  its  de- 
sign may  dissipate  that  energy  more  rapidly. 

This  brings  up  a  new  class  of  railroad  work  just  being  con- 
sidered, and  that  is  mountain  railroading,  and  long-distance  cross- 
country roads  for  either  high-speed  passenger  or  freight  work. 
The  •  conditions  governing  both  these  classes  of  work  are  prac- 
tically the  same  in  that  they  demand  a  constant  sustained  output 
of  the  motive  power,  and  it  is  in  this  class  of  work  that  the  in- 
duction motor  is  being  seriously  considered. 
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Direct  current  motors  fed  from  a  system  of  rotary  converters 
connected  to  a  high-potential  transmission  distribution  system  are 
open  to  the  objection  that  a  trolley  or  third  rail  potential  under 
1000  volts  must  be  used,  necessitating  the  collection  of  very 
large  currents  and  an  undesirable  frequency  of  converter  stations, 
or  prohibitive  expense  of  third  rail  and  feeder  construction.  The 
power  consumed  by  a  freight  train  of  2000  tons  or  more  may 
reach  3000  h.  p.  on  the  grades  encountered  in  steam  railway 
mountain  work,  and  the  ability  of  the  induction  motor  to  collect 
this  large  araotint  of  energy  at  a  trolley  potential  of  3000  volts 
or  more,  gives  it  a  distinctive  advantage  in  first  cost  of  installa- 
tion and  expense  of  operation  compared  to  direct  current  dis- 
tribution. High  potential  alternating  trolley  systems  present 
certain  difficulties  in  the  way  of  insulation,  but  after  several 
years  experience  with  high  potential  transmission  lines,  these 
difficulties  should  be  easily  surmounted.  Such  systems  also. em- 
ploy locomotives  and  not  individual  motor  cars,  so  that  the  high 
potential  apparatus  is  localized,  and  more  space  is  provided  to 
properly  insulate  all  high-tension  wiring. 

The  operation  of  heavy  freight  trains,  or  highspeed  passenger 
trains  on  trunk  lines  is  the  work  of  the  future,  and  will  be 
undertaken  aB  soon  as  it  is  evident  that  a  saving  will  result  in 
operating  expenses  by  the  substitution  of  electricity  for  the 
steam  locomotive.  Trunk  lines  having  local  passenger  traffic 
could  very  well  equip  their  tracks  with  both  high  potential  over- 
head trolley  for  the  operation  of  heavy  through  trains  and  freight 
work,  and  also  use  a  third  rail  construction  to  operate  direct  cur- 
rent 600-volt  D.  o.  motors  for  the  short  haul  work.  Both  these 
systems  could  be  fed  from  the  same  general  or  and  transmission 
lines,  operating  25-cycle  rotary  converters  to  feed  the  third  rail 
system  at  intervals,  and  step-down  transformers  to  reduce  the 
potential  to  the  3000  volts  or  more  required  for  the  overhead 
high-tension  trolley  line.  This  mixed  system  provides  for  the 
maintenance  of  a  steady  load  on  the  generating  station,  while  it 
permits  the  local  and  short  haul  traffic  to  benefit  from  the  advan- 
tages of  the  D.  c.  motor  for  this  class  of  work. 

The  electrical  equipping  of  trunk  line  steam  roads  is  a  very 
large  engineering  proposition,  involving  such  radical  changes  in 
the  operation  of  such  roads  that  its  commercial  success  must  be 
undoubted  before  the  work  is  undertaken.  It  is  possible  that 
such  a  movement  will  be  brought  about  by  the  equipping  of 
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«ome  of  the  new  high-speed  third  rail  interurban  systems  with 
overhead  trollej'  operating  at  3000  volts  alternating  current. 
These  systems  are  rapidly  being  extended  and  interconnected, 
and  will  soon  be  able  to  take  care  of  long  distance  work  when 
the  systems  are  sufficiently  joined  together.  The  management 
of  suiih  roads,  owing  to  their  experience  with  electric  traction, 
may  be  reasonably  supposed  to  be  more  open  to  the  advantages 
of  electric  haulage,  while  the  establishment  of  a  line  of  generat- 
ing stations,  all  operating  at  the  standard  frequency  of  26  cycles, 
will  offer  the  means  of  feeding  such  a  system  with  a  compara- 
tively small  cost  for  equipping.  The  various  substations,  how- 
ever, and  the  d.  c.  copper  distribution  are  not  adapted  to  the 
operation  of  large  heavy  units,  although  the  transmission  lines 
and  generating  stations  could  well  feed  these  trains  with  a  rea- 
sonable outlay  for  high-tension  overhead  trolley  construction. 

It  is  along  such  lines  that  the  writer  looks  for  the  introduction 
of  the  induction  motor  as  a  railway  factor  in  this  country,  and 
there  are  several  propositions  in  view  where  the  introduction  of 
the  induction  motor  seems  justified  and  preferable  to  the  steam 
locomotive  now  in  operation. 
ScheDectody.  N.  Y.,  July  31,  1901. 
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ELECTRIC  RAILWAY  APPARATUS. 


BY   EBN8T  J.  BERG. 


"With  the  extended  application  of  electricity  to  heavy  railroad 
work  within  the  last  few  years,  a  number  of  interesting  features 
have  been  brought  ont,  the  most  important  being  what  system 
to  adopt  and  what  apparatus  to  use  in  each  particular  case. 

The  object  of  this  paper  is  to  discuss  the  characteristics  of  the 
various  apparatus,  and,  to  a  certain  extent,  their  limitations^ 
which,  indeed,  have  almost  entirely  the  deciding  influence  on  the 
choice  of  system.  The  discussion  of  storage  batteries  is  pur- 
posely omitted  since  their  characteristics  are  well  known  and 
have  been  written  up  very  fully  within  the  last  few  years. 

ConUnuoibs  Current  Generators. — By  far  the  greater  number 
of  these  are  of  the  direct  connected  type.  Their  frequency 
yaries  from  6  to  15  or  18  cycles,  and  in  some  cases  as  high  as  2& 
cycles.  This  latter  frequency  is  adopted  when,  in  addition  to 
commutator,  the  generator  is  supplied  with  collector  rings  in- 
tended to  take  off  more  or  less  of  the  power  as  alternating  cur- 
rent, that  is,  when  the  machines  are  ^'  double  current  generators.'^ 
With  the  exception  of  more  extended  use  of  direct  connected 
units  and  double  current  generators,  which  are  able  to  supply 
alternating  as  well  as  direct  current  power,  very  little  if  any 
radical  modification  in  design  or  characteristics  has  been  made 
during  the  last  few  years,  but  the  progress  has  rather  consisted  in 
a  steady  and  gradual  improvement  of  design,  especially  in  regard 
to  sparkless  commutator  and  overload  capacity.  Although  the 
standard  machines  are  over-compounded,  in  actual  operation  as  a 
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rule  the  direct  carrent  potential  is  kept  constant  at  all  loads,  the 
over-compounding  being  used  only  to  compensate  for  drop  in 
speed  with  the  load.  When  used  as  double  current  generator, 
the  compounding  on  the  direct  current  side  is  taken  care  of  in 
the  same  way  as  when  used  as  direct  current  machine,  that  is, 
by  series  winding,  and  the  compounding  for  the  alternating  cur- 
rent load  made  by  phase  control,  that  is,  the  load,  which  usually  is 
rotary  converters,  is  made  to  take  leading  or  lagging  currents 
which  react  on  the  machine  and  thereby  raise  or  lower  the  volt- 
age as  the  demand  may  be.  In  order  to  accomplish  this  satisfac- 
torily, the  double  current  generators  should  have,  fairly  high 
armature  reaction,  which  means  not  too  close  regulation.  This 
high  armature  reaction,  usually  less  than  standard  direct  current 
practice,  is  not  objectionable  from  the  direct  current  generator 
point  of  view  since  the  regulation  of  potential  is  taken  care  of  by 
the  series  field.  Nevertheless  it  has  been  customary  to  ask  for  a 
regulation  as  close  as  6  per  cent,  on  the  alternating  current  side,  the 
intention  being  not  to  attempt  any  phase  control,  but  permit  the 
voltage  to  drop  slightly  with  the  load.  Under  these  conditions 
obviously  the  closer  the  regulation,  the  better.  The  limit  is 
reached  when,  due  to  the  necessarily  low  armature  reaction  and 
the  many  armature  circuits  in  multiple,  the  cross  current  caused 
by  slight  inequality  in  pole  shape  or  gap  becomes  excessive. 

Alternating  Current  Generators. — These  are  in  almost  every 
case  directly  connected  to  the  steam  engine  and  operated  at  a 
frequency  of  25  cycles  per  second.  If,  however,  a  considerable 
portion  of  the  power  must  be  used  for  lighting,  a  higher  fre- 
quency may  be  used.  It  must,  however,  be  borne  in  mind  that 
satisfactory  parallel  operation  depends  largely  upon  the  fre- 
quency, and  that  the  tendency  to  hunt,  and  in  general,  the  diffi- 
culties of  operating  any  installation  satisfactorily,  increase  as  the 
frequency  increases!  Twenty-five-cycles  has  the  disadvantage 
that  it  is  too  low  for  in-door  and  for  efficient  out-door  incandescent 
lighting,  and  entirely  too  low  for  arc  lighting,  therefore  it  is 
hardly  advisable  to  use  it  for  any  kind  of  lighting,  but  when 
such  has  to  be  done,  it  is  accomplished  by  rotary  converters  or 
motor  generator  sets  or  frequency  converters.  Twenty-five-cycles 
has,  however,  so  many  advantages  for  railway  work  that  it  must 
be  recommended,  at  least  in  all  cases  where  induction  motor- 
direct  current  generator  sets  are  not  advisable.  The  generators 
are  usually  designed  for  a  regulation  of  about  six  to  ten  per  cent. 
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in  view  of  the  fact  that  usually  a  great  many  are  operated  in 
multiple  in  the  same  station,  and  therefore  the  load  on  individual 
feeders  does  not  seriously  affect  one  machine,  it  is  preferable  to 
go  to  rather  high  armature  reaction  since  this  limits  the  maxi- 
mam  flow  of  current  and  power  in  case  of  short-circuit,  and  sup- 
presses large  cross-current  when  operated  in  multiple  from  gen- 
erators of  not  too  close  speed  control.  The  European  practice 
is  to  desi^  these  generators  with  polar  windings  for  securing 
satisfactory  parallel  operation,  but  this  has  not  been  found  neces- 
sary in  America,  where  strict  demands  have  been  made  upon  the 
steam  engine  buildere,  who  thereby  not  only  proportion  their 
machines  with  great  care,  but  pay  particular  attention  to  the  fly- 
wheel and  governor  construction.  These  generators  arc  always 
of  the  revolving  field  type,  and  usually  installed  in  connection 
with  independent  fly-wheel,  whereas  the  practice  in  Europe  is  to 
make  the  armature  of  such  a  great  fly-wheel  capacity  as  to  com- 
bine the  fly-wheel  and  armature  in  one  structure.  One  reason  for 
the  universal  adoption  of  the  fly-wheel  type  in  Europe  is  that  in 
most  cases  50  cycles  are  used.  With  50  or  60  cycles,  and  par- 
ticularly with  high-voltage  machines,  the  diameter  of  the  re- 
volving field  is,  as  a  rule,  enough  to  render  it  available  as  a  fly- 
wheel, whereas  with  25  cycles  with  relatively  low  peripheml 
speed,  the  cost  of  an  unnecessarily  heavy  revolving  field  is  often 
greater  than  that  of  an  additional  fly-wheel.  Almost  without  ex- 
ception they  are  designed  for  three-phase  current  and  voltages 
ranging  between  2000  and  13,000,  depending  upon  the  distance 
of  transmission,  etc.  When  used  for  voltages  less  than  6000, 
they  have  as  a  rule  three  slots  per  pole  and  phase,  and  for  higher 
voltages  two  slots  per  pole  and  phase.  The  poles  and  the  slots 
are  shaped  so  as  to  give  as  nearly  a  sine  wave  as  can  be  obtained 
by  using  machine-wound  coils.  (The  use  of  machine-wound 
coils  and  entirely  open  slots  is  contrary  to  the  European  practice, 
at  least  until  very  recently,  the  practice  being  to  use  hand-wound 
coils  in  almost  entirely  closed  slots). 

Although  smaller  alternating  current  generators  are  made  with 
automatic  compounding,  in  no  case  is  such  compounding  used 
with  large  direct-connected  machines  for  railway  work,  but  the 
control  is  done  by  hand,  and  the  fields  have  only  one  winding. 

Inverted  Converters, — These  are  in  their  constants  essentially 
direct  current  machines  operating  at  25  cycles,  and  are  used 
to  transform  from  direct  current  as  obtained  from  the  station 
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bus  bars  to  alternating  current,  which  after  being  transformed 
to  higher  potential,  is  transmitted  to  sub-stations  a  considerable 
distance  from  the  main  station.  The  use  of  inverted  converters 
is  decidedly  more  eflBcient  than  the  use  of  boosters,  and  is  being 
introduced  considerably.  Although  an  inverted  converter  and 
a  straight  converter,  that  is,  a  machine  transforming  from  alter- 
nating to  direct  current,  to  all  appearances  are  identical,  it  is 
not  always  advisable  to  use  one  or  the  other  indiscriminately. 
An  inverted  converter  should  preferably  have  lower  armature 
reaction  than  a  straight  converter,  and  consequently  is,  as  a 
rule,  a  larger  and  more  expensive  machine.  The  object  of  the 
lower  armature  reaction  is  to  obtain  closer  speed  control  and 
to  prevent  as  much  as  possible  the  tendency  of  the  inverted 
converter  to  run  away,  in  case  suddenly  an  alternating  current 
load  of  considerable  magnitude  or  of  very  low  power  factor  is 
thrown  on.  But  even  with  inverted  converters  of  such  design 
it  is  not  advisable  to  omit  speed  limiting  devices,  which  may 
consist  of  a  circuit  breaker  in  the  direct  current  leads  in  con- 
nection with  a  centrifugal  device,  or  the  inverted  converter  is 
excited  by  a  special  exciter  directly  connected  or  belted  thereto. 
Indeed  such  exciter  or  *'a  compensated  exciter"  is  very  essential 
for  the  frequency  control.  The  plain  exciter  may  be  shunt 
or  compound  wound  whereby  it  is  easily  seen  that  as  the 
rotary  begins  to  speed  up,  the  exciter  also  speeds  up  and  its 
voltage  rises,  causing  more  current  to  flow  through  the  shunt 
fields,  which  has  a  tendency  to  prevent  acceleration.  The  com- 
pensated exciter,  which  is  also  a  direct  driven  exciter,  changes 
its  voltages  not  only  with  the  speed,  but  with  the  phase  relation 
of  current,  increasing  the  voltage  with  lagging  current  going 
from  the  converter  and  lowering  it  when  leading  current  is 
taken,  which  obviously  is  just  what  is  wanted  for  close  speed 
control.  The  ratio  between  the  alternating  current  voltage  and 
the  direct  current  voltage  depends  upon  the  system,  character- 
istics of  the  machine,  etc.,  and  is  discussed  later  in  connection 
with  converters  proper.  It  suffices  here  to  state  that  it  is  a  frac- 
tion, or  in  other  words,  the  alternating  current  voltage  is  always 
less  than  the  direct  current  voltage.  It  is  therefore  obvious  that 
the  alternating  current  delivered  from  an  inverted  converter  is 
always  of  too  low  a  potential  to  be  used  directly,  and  step-up 
transformers  have  to  be  used.  In  its  potential  control  an  inverted 
converter  has  not  the  feature  of  a  direct  converter  of  compound- 
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ing  for  the  load  if  required,  but  the  voltage  will  drop  with  the 
load  unleas  made  up  entirely  of  converters,  which  by  taking 
leading  or  lagging  current  can  react  upon  the  inverted  converter, 
but  even  with  such  load  only  a  very  low  compounding  can  be 
obtained.  Therefore,  as  a  rule,  the  voltage  of  an  inverted  con- 
verter will  drop  with  the  load.  In  order  to  obtain  constant 
potential  at  the  receiving  end  of  the  system  it  is  necessary  that 
the  converter  proper  should  be  compound  wound  and  that  reac- 
tances should  be  inserted  in  the  leads  so  that  the  rise  in  voltage 
c^n  be  obtained  across  these  reactances  instead  of  at  the  inverted 
converter.  Frequently  inverted  converters  are  operated  in  paral- 
lel with  alternators  on  the  alternating  current  side,  and  it  is  then 
as  important  to  investigate  the  speed  regulation  of  the  prime 
mover  driving  the  alternator  as  when  contemplating  running 
such  alternators  in  multiple,  since  the  inverted  converter  nat- 
urally runs  at  a  uniform  rate  of  rotation  and  therefore  if  the 
alternators  to  be  run  in  parallel  therewith  are  not  run  at  a  uni- 
form rate  of  rotation,  cross  currents  will  be  caused  and  serious 
di£Sculties  might  arise. 

Rotary  Converters, — Although  converters  of  a  higher  fre- 
quency than  25  cycles  occasionally  are  used,  in  most  cases,  and 
particularly  when  the  plant  is  intended  for  railway  work,  25 
<sycles  are  chosen  and  the  discussion  will  therefore  apply  to  them. 
Were  it  not  that  rotary  converters  some  times  cause  trouble  by 
hunting,  there  is  hardly  any  doubt  they  would  be  used  univer- 
sally, even  with  the  limitations  in  voltage  control  imposed  by 
their  use,  instead  of  synchronous  motor  or  induction  motor  direct 
current  generator  sets.  The  question  of  hunting,  however,  is  so 
serious  that  frequently  it  is  good  policy  to  introduce  the  com^ 
plication  of  running  two  or  three  machines  instead  of  one,  even 
at  the  lower  efficiency,  to  ensure  satisfactory  service.  Hunting 
is  caused  by  many  circumstances,  one  being  that  the  rate  of  rota- 
tion of  the  prime  mover  is  not  uniform,  another  that  converters 
Are  operated  in  the  same  network,  but  interlinked  by  lines  of 
relatively  high  resistance,  another  that  the  converter  has  slug- 
gish magnetic  circuit  so  that  it  cannot  quickly  respond  to  varia-  - 
tions  in  impressed  voltage,  still  another  that  the  impressed 
voltage  on  the  converter,  for  some  outside  reason,  tends  to  fluc- 
tuate suddenly.  The  remedy  for  the  first  case  of  hunting  is 
obviously  to  get  the  rate  of  rotation  of  the  prime  mover  more 
uniform,  which  often  is  very  difficult,  particularly  if  the  ma- 
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chines  are  already  installed.  (With  the  stipulations  imposed 
upon  the  engine  builders,  this  case  of  hunting  is  not  now  so 
serious  and  does  not  exist  when  the  generators  are  driven  by 
turbines.)  Another  remedy  which  occasionally  gives  satisfactory 
results  is  to  use  one  or  more  induction  motors  of  considerable 
size  on  the  same  circuit,  or  even  a  small  induction  motor  with 
large  fly-wheel,  the  tendency  of  the  induction  motor  being  essen- 
tially to  steady  the  frequency  by  its  momentum.  The  other 
cause,  that  of  considerable  resistance  losses  between  converters 
or  generators  and  converters,  has  a  tendency  to  set  up  hunting 
also,  since  with  a  slight  fluctuation  in  current,  due  to  various 
caoses,  the  voltages  fluctuate  also.  This  fluctuation  in  impressed 
voltage  will  react  in  the  rotary  converter,  and  if  the  magnetic 
circuit  is  not  very  sensitive,  causes  a  state  of  unstable  equilibrium 
which  leads  to  hunting.  It  is  obvious  that  if  the  e.  m.  f.  sup- 
plied to  the  armature  varies  suddenly,  the  flux  also  must  vary  at 
the  same  rate  to  ensure  the  same  relative  position  of  the  arma- 
ture and  the  field.  If  the  magnetism  lags  behind,  the  armature 
must  take  a  diflEerent  position  from  what  it  would  have  otherwise 
and  thereby  a  pulsation  in  speed  is  set  up  and  the  rotary  "hunts." 
It  is  therefore  evident  that  the  magnetic  circuit  should  be  as 
responsive  as  possible,  in  other  words,  all  causes  delaying  change 
of  magnetism  should  be  eliminated.  As  a  consequence  it  is 
not  best  to  use  magnetic  material  of  low  obmic  resistance,  such 
as  steel,  but  a  considerable  part  of  the  magnetic  circuit  is  made 
of  cast  iron  which  has  high  ohmic  resistance,  and  damping  de- 
vices are  inserted  not  in  the  path  of  the  main  flux,  that  is  in  the 
poles,  but  midway  between  the  poles.  This  damping  device  is 
only  eflEective  when  the  rotary  hunts,  that  is,  when  there  is  an 
appreciable  armature  reaction  which  sets  up  currents  to  the  cir- 
cuit formed  by  the  bridge.  The  last  cases  of  hunting  can  be 
explained  and  remedied  in  much  the  same  way  as  in  the  previous 
case,  and  sometimes  preclude  the  use  of  converters  in  places 
where  the  rate  of  rotation  might  be  uniform  and  where  the 
ohmic  losses  between  generators  and  converters  might  be  small, 
the  disturbing  element  being  a  fluctuating  load  placed  near  to 
the  converter  and  therefore  inducing  periodic  pulsations  in 
voltage  on  the  converter  circuit. 

Summarizing  the  hunting  situation,  we  find  that  although 
there  are  a  number  of  causes  for  this  trouble,  the  phenomenon 
is  fairly  well  understood  and  no  great  difficulties  need  be  ex- 
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pected  in  well  planned  25-cycle  systems.  The  other  limitation 
of  rotaries  is  the  difficulty  of  obtaining  wide  range  of  voltage  as 
compared  with  direct  current  generators,  and  providing  for  au- 
tomatic compounding  over  a  wide  range. 

Although  it  is  possible  to  compound  rotary  converters  to  some 
extent  by  merely  using  a  series  field  similar  to  that  on  direct 
current  generators,  the  amount  of  compounding  is  very  slight 
indeed  and  is  obtained  by  leading  or  lagging  currents  taken  by 
the  converter  and  passing  over  the  very  low  reactance  of  the 
converter  armature  proper.  In  order  to  compound  to  any  con- 
siderable extent,  it  is  necessary  to  have  some  reactance  in  the 
circuit  between  converter  and  generator,  and  to  permit  the  con- 
verter to  take  wattless  currents  at  almost  all  loads.  The  propor- 
tion of  wattless  current  and  reactance  can  be  varied  considerably, 
and  still  the  same  results  obtained,  so  for  instance,  roughly 
speaking,  10  per  cent,  compounding  can  be  obtained  by  50  per 
cent,  leading  current  and  20  per  cent,  of  reactance;  or  by  20  per 
cent,  leading  current  and  50  per  cent,  reactance,  etc.  The  more 
reactance  over  a  certain  limit,  the  more  liability  of  an  unstable 
operation  and  the  more  wattless  current,  the  poorer  the  power 
factor  at  light  loads,  and  the  greater  the  armature  heating ;  in- 
deed, with  quarter-phase  or  six- phase  converters  the  saving  in 
armature  copper  is  not  great  over  that  in  three-phase  converters, 
if  too  large  a  percentage  of  wattless  current  is  used  in  phase  con- 
trol. A  fair  average  is  to  insert  about  15  per  cent,  reactance. 
With  such  reactance  in  a  circuit  of  6  per  cent,  resistance,  it  is 
possible  to  obtain  constant  potential  at  all  loads  with  a  power 
factor  of  60  per  cent  at  J  load,  91.5  at  J  load,  100  per  cent,  at 
full  load,  99.5  at  50  per  cent,  overload,  and  96.5  at  double  load, 
or  even  higher  if  the  series  field  is  so  adjusted  that  the  converter 
runs  non-inductive  at  |  load,  then  a  power  factor  of  73.5  at  i 
load,  97.5  at  i  load,  lOi)  per  cent,  at  f  load,  99.5  at  full  load, 
98  per  cent,  at  50  per  cent,  overload,  and  96  per  cent,  at  double 
load.  Under  these  conditions  the  voltage  not  only  is  approxi- 
mately constant  over  the  whole  range  of  loads,  but  is  still  within 
a  fraction  of  1  per  cent,  up  to  50  per  cent,  overload. 

With  several  rotary  converters  operated  in  the  same  station, 
it  is  advisable  to  use  independent  transformers,  or  at  least  inde- 
pendent secondaries  for  each  transformer,  since,  if  this  is  not  the 
case,  considerable  cross-currents  are  likely  to  flow  if  the  direct 
current  brushes  on  each  individual  converter  are  not  placed 
identically  the  same. 
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The  transformers  themselves  should  preferably  be  designed 
with  the  greatest  amount  of  self-induction,  since,  as  stated 
above,  in  almost  every  converter  installation  some  reactance  is 
advisable.  Thus  the  essential  difference  between  a  transformer 
nsed  for  lighting  and  a  transformer  used  for  converter  is  that 
transformers  for  rotary  converters  have  more  self -induction  and 
higher  efficiency  than  lighting  transformers,  or  at  least  that  in 
the  design  of  these  transformers  this  condition  has  been  looked 
for. 

The  great  advantage  of  rotary  converters  over  motor-generator 
sets  is  the  higher  efficiency,  due  to  the  small  copper  and  iron 
losses,  and  the  facts  that  only  one  machine  is  used  instead  of  two 
or  more,  that  the  power  factor  can  be  100  per  cent,  at  all  loads, 
that  they  can  act  as  condensers,  and  therefore  compensate  for 
lagging  currents  introduced  by  other  apparatus  on  the  system, 
that,  in  case  of  a  very  heavy  load,  they  can  give  almost  unlimited 
power,  and  that  even  as  such  shunt  machines  the  voltage  does 
not  materially  change  with  the  load,  but  that  it  will  at  the  most 
vary  a  few  per  cent,  between  no  load  and  full  load,  whereas  the 
direct  current  machine  probably  will  vary  perhaps  10  per  cent, 
or  more  under  the  same  conditions. 

The  ratio  between  alternating  and  direct  current  e.m.f.  of  a 
converter  or  inverted  converter  depends  upon  the  system  used, 
upon  the  ratio  of  maximum  to  square  root  of  mean  square  value 
of  impressed  e.m.f.  (that  is,  the  e.m.f.  given  by  the  generating 
apparatus),  upon  the  load  of  the  machine,  upon  the  ohmic  losses 
in  the  machine,  upon  the  position  of  the  direct  current  brushes 
on  the  commutator,  upon  the  excitation,  upon  the  ratio  of  pole 
arc  to  pole  pitch,  and  upon  the  operating  conditions,  that  is, 
whether  the  machine  is  used  to  convert  alternating  to  direct  cur- 
rent power,  or  vice  versa.  Sixty  cycle  converters,  which  usually 
have  shorter  pole  arc  and  higher  commutator  losses  than  25-cycle 
converters,  have,  as  a  rule,  higher  ratios,  and  when  nsed  as  in- 
verted converters,  lower  ratios  than  25-cycle  machines. 

At  no  load,  with  an  average  wave  shape  such  as  given  by 
standard  generating  apparatus,  the  average  ratios  are : 

Percentage  pole  arc  %1%  li%  9/Q% 

Three-phase  and  six-phase  double  delta:  ...62  61  60.5 

Six-phase,  diam.  and  two-phase 72.5  71.5  71 

With  the  average  losses  at  brushes  and  armature  winding, 
this  will  give  the  following  ratios  at  fiill  load  of  a  550-volt  con- 
verter : 
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Percentage  pole  arc %1%  1^%  80j( 

Three-phase  and  six-phase  doable  delta.  ...68  62  61.5 

Six-phase  diam.  and  two-phase 78.5  72.5  72 

Invertbd  Converter. 

Percentage  pole  arc 67jg  1\%  80jf 

Three-phase  and  six-phase,  double  delta 61  0  59.5 

Six-phase,  diam.  and  two-phase 71.5  70.5  70 

The  values  apply  when  the  direct  current  brashes  are  placed 
on  the  exact  neutral  point.  If  the  brushes  for  some  reason  or 
other  are  placed  either  leading  or  trailing,  these  ratios  are  in- 
creased, that  is,  the  direct  current  voltage  for  a  given  impressed 
alternating  current  voltage  is  less.  This  variation  may  amount 
to  several  per  cent.,  therefore  moving  the  brushes  makes  it  possi- 
ble to  lower  the  direct  current  voltage,  and  thereby  change  the 
ratio  to  some  extent  without  changing  the  transformer  connec- 
tions. It  is,  however,  impossible  to  increase  the  direct  current 
voltage,  no  matter  in  what  position  the  direct  current  brushes  are 
placed. 

Changing  the  excitation  will  also  change  the  ratio.  With  re- 
duced excitation,  that  is,  with  lagging  current,  the  ratio  may  in- 
<;rease  a  couple  of  per  cent.,  and  with  over-excitation  it  may  drop 
a  couple  of  per  cent,  depending  upon  the  electrical  constants  of 
the  machine. 

Synchronovs  Motor  Driven  Direct  Current  Generators. — These 
have  the  ad  vantage  over  the  rotary  converters  that  they  can  be  run 
on^circuits  of  high  voltage  directly,  without  the  use  of  step- 
down  transformers,  that  the  direct  current  voltage  is  independent 
of  fluctuations  in  voltage  on  the  alternating  current  side,  and  de- 
pendent only  upon  the  speed  control,  and  that  by  a  mere  change 
of  field  excitation  the  direct  current  voltage  can  be  varied  over 
a  very  wide  range.  Their  limitation,  however,  is  their  tendency 
to  hunt,  which  is  quite  as  marked  as  with  rotary  converters.  In 
other  words,  the  limitations  inherent  to  rotary  converters  exist 
also  with  synchronous  motors  and  even  to  a  greater  extent,  at 
least  with  synchronous  motors  wound  for  high  voltages  with 
relatively  few  slots,  with  which  type  it  is  decidedly  more  difficult 
to  apply  anti-hunting  devices  than  with  rotary  converters,  which, 
by  their  more  distributed  winding  and  large  number  of  small 
slots,  are  less  likely  to  have  excessive  eddy  losses,  in  the  anti- 
hunting  devices.  It  is,  therefore,  questionable  whether  it  is 
advisable  to  substitute  such  sets  for  converters  under  any  con- 
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ditions,  the  more  so  as  frequently  the  cost  of  a  Bynchronous  motor 
wound  for  very  high  voltage  is  not  much  less  than  the  step- 
down  transformers  and  a  low  voltage  motor. 

Induction  Motor  Driven  Direct  Current  Generators, — TliiB 
combination  has  decided  advantages  over  the  first  mentioned 
types  by  its  stability,  and  may  therefore  find  considerable  field 
of  application  in  systems  of  unstable  frequency  and  fluctuating 
voltage,  or  installations  which  already  have  a  number  of  syn- 
chronous apparatus.  As  stated  regarding  rotary  converters,  it 
is  some  times  possible  to  obtain  good  results  with  hunting  con- 
verters by  installing  induction  motors  of  considerable  inertia  on 
the  same  circuit,  and  such  a  set  naturally  lends  itself  very  well 
for  this  purpose.  At  moderate  voltages,  up  to  say,  2000  to  3000, 
induction  motors  can  be  built  with  good  constants  at  a  reasonable 
cost,  and  do  not,  therefore,  involve  the  use  of  step-down  trans- 
formers. At  higher  voltages,  however,  and  particularly  up 
around  10,000  volts,  it  is  found  that  the  use  of  step-down  trans- 
formers not  only  introduces  much  better  constants  but  frequently 
makes  a  cheaper  installation.  Under  these  conditions  it  is  de- 
cidedly questionable  whether  it  does  not  pay  to  install  more  line 
copper,  remedy  the  speed  control  of  the  generators,  or,  in  gen- 
eral, remove  the  causes  prohibiting  the  use  of  rotary  converters, 
since  the  cost  of  such  motor  generator  sets  is  much  higher,  and 
the  contents  much  lower,  than  when  converters  are  used. 

Direct  Current  Railway  Motors, — The  characteristics  of  this 
type  of  motor  are  so  well  known  that  it  is  not  worth  while  to  dis- 
cuss them  further  than  to  say  that  in  general  the  tendency  seems  to 
have  been  during  the  last  few  years  to  design  the  motors  for  a 
given  train  weight  and  maximum  speed,  disregarding  the  num- 
ber of  stops,  provided  the  car  is  accelerated  and  retarded  at  a 
comfortable  rate,  which  involves,  of  course,  the  schedule  speed 
changing  with  the  number  of  stops. 

To  accomplish  this,  the  motors  are  so  designed  and  particularly 
the  ventilating  conditions  are  such  that  the  temperature  of  the 
fields  will  not  rise  more  than  a  safe  number  of  degrees  if  sub- 
jected to  the  accelerating  current  at  the  rate  of  say,  ten  times 
per  mile,  and  the  armature  has  such  a  low  core  loss  that  it  can 
run  for  a  considerable  time  at  the  maximum  speed.  Such  condi- 
tion is  made  possible  with  the  modern  mechanical  design  which 
readily  conducts  the  heat  from  the  inside  to  the  outside,  and 
thereby  obviates  great  differences  in   temperature.     The  main 
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difference  in  electrical  design  is  that  much  more  precaution  has 
to  be  taken  to  liave  low  self-induction  in  commutation.  This  is 
necessary  since,  as  stated  above,  the  field  winding  has  to  stand  the 
full  current  of  acceleration  for  a  much  longer  time  than  formerly 
was  the  practice,  and  therefore  a  less  number  of  turns  and  a 
weaker  field  in  general  is  used  in  modern  motors,  this  condition 
causing  sparking  unless  the  armature  reaction  is  reduced  and  the 
number  of  commutator  segments  increased.  We  therefore  find 
now  as  a  rule  a  higher  flux  and  a  greater  number  of  commutator 
segments  than  in  older  types  of  motors. 

Alternating  Current  Railway  Motors. — A  very  superficial 
study  will  show  that  whenever  this  type  of  motor  has  been 
adopted  the  reason  lies,  not  with  the  motors  themselves,  but  in 
the  fact  that  a  lesser  amount  of  feeder  copper  and  possibly  fewer 
attendants  are  required  with  an  alternating  current  railway  sys- 
tem than  with  a  direct  current  system  involving  rotary  con- 
verters. It  is,  however,  only  in  cases  of  relatively  long  runs 
with  few  stops,  or  in  mountainous  roads  where  power  can  be 
returned  by  induction  motors,  that  economy  can  be  shown  with 
this  system  as  compared  with  the  direct  current  system.  It  is 
very  doubtful  whether  in  many  cases  where  alternating  motors 
have  been  installed,  direct  current  motors  would  not  have  been 
better  engineering. 

The  alternating  current  railway  motors  are  of  the  polyphase 
induction  type  and  therefore  their  characteristics  are  essentially 
those  of  direct  current  shunt  motors,  that  is,  they  run  efficiently 
only  at  one  speed,  whereas  the  direct  current  series  motor  will 
operate  at  high  eflBciency  over  a  considerable  range  of  speed.  It 
is  therefore  obvious  than  in  railway  service  where  the  speed  for 
many  reasons  has  to  vary  during  the  run  and  where  cars  are 
stopped  and  started  at  rather  short  intervals,  the  actual  power 
taken  by  the  induction  motor  will  be  greater  than  that  taken  by 
the  direct  current  motor.  Since,  furthermore,  any  induction 
motor  must  take  a  certain  amount  of  wattless  current,  the  ap- 
parent power  input  of  the  motor  must  be  greater  than  with 
direct  current.  With  the  same  mechanical  clearance  in  the  two 
types  of  motors,  the  amount  of  wattless  current  taken  by  the 
induction  motor  would  be  quite  prohibitive,  therefore  these  must 
be  made  with  decidedly  smaller  air-gap  than  direct  current  motors, 
which  necessitates  more  careful  adjustment,  and  involves  more 
repair  work.     The  wattless  current  is  also  dependent  upon  the 
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voltage  at  wliich  the  motors  are  operated,  and  increases  as  the 
voltage  increases.  With  the  known  methods  of  insulation  and 
with  the  limited  space  available  for  railway  motors,  it  seems 
that  it  is  almost  out  of  the  question  to  consider  a  design  at  higher 
potential  than  3,000  volts.  Even  with  the  smallest  safe  air-gap 
this  will  give  a  power  factor  of  at  the  most  85  per  cent,  or  88 
per  cent,  at  full  load  under  the  best  conditions,  which  with  an 
efficiency  of  say  86  per  cent,  including  gear  loss,  gives  an  ap- 
parent efficiency  of  at  the  most  77  per  cent. ;  in  other  words,  the 
K.v.  A,  input  of  the  motor  would  be  about  30  per  cent,  greater  than 
that  corresponding  to  the  work  done.  Whereas  with  the  direct 
current  motor  the  power  input  would  probably  not  be  more  than 
12  per  cent,  or  15  per  cent,  greater  than  that  corresponding  to  the 
work  done.  Therefore,  and  in  view  of  the  laws  governing  the 
design  of  such  induction  motors,  it  is  to  be  expected  that  the 
copper  losses  in  an  alternating  current  motor  will  be  decidedly 
greater  than  in  a  direct  current  motor.  The  core  loss  in  the  field 
of  the  induction  motor  is  also  greater  than  the  core  loss  in  the 
armature  of  the  direct  current  motor  at  maximum  speed,  po  that 
this  gives  another  source  of  increased  heating  of  the  motor. 
This  increased  heating  is  decidedly  objectionable,  as  it  involves 
the  use  of  a  much  larger  machine  than  the  direct  current  motor, 
which  increases  the  cost  and  weight  of  the  equipment.  To  illus- 
trate this  somewhat  more  concisely,  consider  the  losses  occurring 
in  a  couple  of  motors  of  direct  and  alternating  current  type 
while  accelerating  from  standstill  up  to  full  speed.  The  core 
loss  and  eddy  losses  in  the  direct  current  motor  are  zero  at  stand- 
still, and  increase  to  a  certain  maximum  at  full  speed.  In  the 
alternating  current  motor  at  standstill  even  under  favorable  con- 
ditions, the  core  loss  in  tlie  field  is  the  same  as  the  maximum 
core  loss  in  the  armature  of  the  direct  current  machine,  and  the 
core  loss  in  the  armature  at  standstill  al)out  the  same  as  in  the 
field.  At  full  speed  the  core  loss  in  the  field  still  remains  the 
same,  but  the  core  loss  in  the  armature  is  zero  and  therefore, 
roughly  speaking,  the  core  loss  of  the  direct  current  motor  is  in 
the  neighborhood  of  half  of  the  core  loss  at  maximum  speed, 
while  accelerating,  and  is  one  and  a  half  times  as  much  in  the 
alternating  current  motor.  In  other  words,  during  acceleration 
the  alternating  current  motors  have  three  times  as  much  core 
loss  as  the  direct  current.  Adding  to  this  loss  the  greater  copper 
loss  due  to  the  larger  power  input  of  the  motor,  we  find  from 
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actual  calculations  that  the  alternating  current  motors  of  good 
design  will  have  in  the  neighborhood  of  four  times  as  much  loss 
as  the  direct  current  motors  when  operating  over  relatively  short 
lines,  as  would  be  the  case  in  rapid  transit  systems.  To  dissipate 
four  times  as  much  energy  means  that  the  volume  of  the  motor 
has  to  be  very  much  greater,  and  its  heating  facilities  decidedly 
better.  This  does  not  mean  that  the  actual  heating  will  be  as  much 
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more,  since  at  least  in  long  distance  rnn8,the  time  of  accelerating 
is  short  compared  with  the  total  time  of  the  run,  nevertheless 
the  loss  will  be  decidedly  more  and  consequently  it  would  seem 
as  if  the  actual  cost  of  the  induction  motor  equipment  per  car 
would  be  from  50  per  cent,  to  double  that  of  direct  equipments, 
depending  upon  the  service.  ISince  the  cost  of  the  motor  equip-  * 
ment  is  a  very  large  factor  in   the  installation  of  a  plant,  and 
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lince  the  direct  current  equipment  is  bo  standardized  and  brought 
down  to  the  least  possible  cost  here  in  the  United  States,  this  is 


acde  SPEED-TIME  CURVE  D.C.  MOTORS. 
€lbc'd'e  SPEED-TIME  CURVE  A.C.  MOTORS. 

afghijk  d.c.  power  input  to  motors. 

almnok'  A.c.  power  input  rheo.  control. 

apqrsk'  A.C.  K.v.A.  input 

afuvni»iofc'-«'j-y2  — A.c.  power  input;  concat.  control. 

«EFGgr«it'+ABCD=A.c.  K.V.A.  INPUT 

Pig.  2. 


probably  one  of  the  main  reasons  why  upon  careful  examination 
it  has  been  found  not  only  a  saving  of  power,  but  great  economy 
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in  the  first  cost  to  install  direct  current  rotary  converters 
instead  of  alternating  current  systems.  In  places,  how- 
ever, where  the  direct  current  railway  system  is  not  so  fully 
developed,  the  difference  in  cost  between  the  two  systems  might 
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abed  AND  abed:  speed  time  curve. 

aatOZ:   A.C.  POWER  INPUT;  RHEO. CONTROL;  NO  RUN  AT  UNIFORM  SPEED. 
auvz:    A.C.    K.V.A.   INPUT;  RHEO.  CONTROL;  NO  RUN  AT  UNIFORM  SPEED. 
nlmoqr:  A.C.  POWER  INPUT;  RHEO.  CONTROL;  NO  COAST. 
atxnpr:  A.C.    K.V.A.   INPUT;    RHEO.  CONTROL;  NO  COAST. 

Pig.  8. 

not  be  so  much,  and  that  accounts  for  some  European  concerns 
installing  alternating  current  motors. 

To  illustrate  more  fully  the  characteristics  of  the  two  types  of 
motors,  the  following  instance  is  considered,  although  it  neces- 
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sarily  introdnces  some  questions  slightly  outside  of  the  scope  of 
the  paper. 

A  double  track  road  with  37  stations  is  supplied  power  from  a  station  located 
a  distance  from  the  tracks.  Eight  trains  are  running  in  each  direction,  which 
cover  the  entire  distance  in  63  minutes. 

Weight  of  loaded  train,  including  locomotiyc  =     180  tons  (3000  lbs.) 

Weight  on  driving  wheels,  =      50  tons. 

Thus  maximum  drawbar  pull  at  2^%  of  weight  =  35000  lbs. 

Which  corresponds  to  a  maximum  acceleration  of  two  feet  per  second,  per 
second. 

Distance  of  run  is  3560  feet. 

Schedule  speed,  15  miles  per  hour. 

Maximum  speed,  37  miles  per  hour. 

Total  distance  is  covered  in  91.5  seconds,  30  seconds  allowed  for  stops  at 
each  station. 

No  appreciable  grades  exist  and  effect  of  curves  is  negligible. 

The  three  systems  considered  are: 

A.  The  standard  direct  current  railway  system  with  series  parallel  control 
of  the  motors. 

B.  Three-phase  induction  motor  system  with  rheostatic  control. 

C.  Three-phase  induction  motor  system  with  concatenated  control  in  acceler- 
ating as  well  as  braking. 

Obviously  when  running  at  uniform  and  maximum  speed  one 
system  offers  no  advantage  over  any  other  in  energy  consump- 
tion, assuming^  same  effieiency  of  the  motors  (which  is  very  nearly 
the  case)  while  the  volt-amperes  taken  by  the  motors  are  about 
20  per  cent,  greater  with  the  alternating  current  system  (running 
at  relatively  light  load). 

While  braking,  the  use  of  either  of  the  first  mentioned  sys- 
tems is  immaterial,  since  no  return  of  power  can  take  place,  but 
the  third,  that  with  concatenated  control,  offers  some  advantage 
in  returning  power  which,  however,  is  practically  offset  by  the 
large  current  taken,  and  the  complication  of  control  and  design 
of  motor. 

While  accelerating,  however,  marked  differences  exist  in  the 
three  systems,  therefore  the  choice  of  one  or  the  other  is  largely 
dependent  upon  the  relative  time  of  accelerating,  running  at 
uniform  speed,  and  braking.  Since,  furthermore,  the  power  re- 
quired with  any  particular  system  depends  upon  the  method 
of  accomplishing  the  run,  a  number  of  schedules  have  been 
worked  out,  having  about  1.2  ft.  per  sec.  per  sec.  as  an  average 
rate  of  acceleration  in  all  cases  except  Fig.  1. 

So,  for  instance,  in  Fig.  1  are  given  three  runs  with  direct 
current  motors.  Of  these,  Nos.  1  and  3  require  more  power 
than  No.  2,  therefore  No.  2  run  is  referred  to  as  the  direct  cur- 
rent motor  run  in  the  discussion  following. 
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In  Fig.  2  are  given  what  is  considered  the  best  alternating  cur- 
rent runs.  One  curve  shows  the  conditions  with  rheostatic  con- 
trol, and  the  other  with  concatenated  control  in  accelerating  as 
well  as  braking.  These  two  curves  will  be  referred  to  as  the 
alternating  current  runs  in  the  discussion  following. 

In  Fig.  3  are  given  two  runs  with  rheostatic  control,  both  of 
which  take  more  power  than  the  corresponding  run  in  Fig.  2, 
and  are  given  merely  to  show  that  with  widely  different  methods 
of  running,  the  power  does  not  vary  more  than  5  per  cent. 

In  Fig.  4  are  given  two  different  runs  in  which  concatenated 
control  is  used.  These  seem  not  so  favorable  as  those  in  Fig.  2, 
therefore  they  are  not  referred  to  later  except  in  the  general 
table  given  below.  The  chief  object  of  including  them  is  to 
show  the  merits  of  coasting  with  concatenated  motors.  As  should 
be  expected,  if  the  motors  are  connected  in  concatenation,  when 
accelerating  only,  it  is  advisable  to  go  up  to  as  high  speed  as 
possible,  and  then  coast  without  running  at  constant  speed, 
whereas  if  power  is  returned  by  concatenation  it  is  advisable  to 
maintain  the  maximum  speed  until  time  of  braking. 

So,  for  instance,  the  least  average  power  taken  per  run  is  found 
if  the  cars  are  not  permitted  to  coast,  but  accelerated  and  retarded 
in  concatenation,  which  power  is  only  15  per  cent,  more  than  the 
least  direct  current  power.  The  apparent  power  is,  however, 
2.4  times  as  great.  In  view  of  this  very  large  apparent  power 
this  method  is  not  the  most  favorable,  but  that  given  in  Fig.  2  is 
preferable. 

The  important  results  of  the  various  runs  are  shown  in  the 
table  given  below,  which  undoubtedly  is  more  comprehensive 
than  the  diagrams  for  a  superficial  investigation. 

Columns  A,  B  and  C  are  most  important,  and  show  the  conditions  of  the 
best  runs  Upon  the  constants  given  there  and  the  corresponding  curves  the 
rest  of  the  investigation  is  based. 

Columns  D  and  E  show  two  direct  current  runs  at  different  gear  ratios. 

Columns  F  and  G  show  two  runs  with  rheostatic  control  only. 

Columns  H,  I  and  J  show  three  runs  with  concatenated  control  in  accelerat- 
ing only. 

Columns  K  and  L  show  two  runs  with  concatenated  control  in  braking 
as  well  as  in  accelerating. 

In  going  over  the  matter  in  more  detail  are  considered  the  direct  current  run 
as  shown  in  heavy  lines  in  Fig.  1,  and  in  Column  A,  and  the  alternating  cur* 
rent  runs  with  rheostatic  and  concatenated  control  as  shown  in  Fig.  2,  and 
Columns  B  and  C. 
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The  characteristic  curves  of  the  motors  are  shown  in  Figs.  5, 
6  and  7.  Fig.  5  gives  the  direct  current  motor  curves,  Fig.  6  the 
alternating  current  motor  curves,  an<l  Fig.  7  curves  of  the  same 
motors  in  concatenation.  No  special  curves  are  given  for  this  latter 
motor  when  used  as  generator  to  return  power,  since  it  is  essen- 
tially the  same  as  when  used  as  motor. 

To  sura  up  the  results,  it  is  found  from  the  various  methods  of 
running  trains,  first,  that  under  apparently  the  most  favorable  as 
well  as  average  conditions,  the  most  economical  alternating  cur- 
rent system  will  take  26  per  cent,  more  power  and  2.2  times  as 


CHARACTERISTIC  CURVES 

OF  ALTERNATING  CURRENT  MOTOR 

NOT  INCLUDINQ  GEAR  LOSS. 


CHARACTERISTIC  CURVES 
OF  EACH  OF  2  MOTORS  IN 
CONCATENATION. 


100  800     H.  P. 

Fig.  7. 


100   200   900   iOO   600   600   700  H.i 

Fig.  6. 

many  volt-amperes  as  the  direct  current  gystem.  Second,  that 
the  concatenated  control  takes  26  per  cent,  less  power  but  only 
10  per  cent,  more  apparent  power  than  the  alternating  current 
system  with  rheostatic  control.  It  must,  however,  be  borne  in 
mind  that  these  values  refer  to  power  input  at  the  motors,  not 
the  relations  at  the  sub-stations  and  power-house,  as  will  be  seen 
later. 

Power  is  supplied  to  four  sub-stations  located  respectively 
16,600  feet,  17,400  feet,  22,800  feet,  and  35,000  feet  from  the 
generating  station.    The  transmission  potential  is  11,500  volts. 
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Capacity  of  Power  Hoxise^  Electrical  Machinery^  Lines^  etc. 
— Since  the  supply  of  power  is  located  at  some  distance  from  the 
receiving  circuit,  high  potential  three-phase  generators  are  pro- 
posed in  all  three  cases. 


^axo 


LOAD   DIAGRAM 

D.C.  motor;   8ER-PARALLEL  CONTflOL. 
L0«8E8  NOT  INCLUDED. 


PiQ.  8. 

A.  Direct  current  motors  with  series  parallel  control. 

Installation, — The  road  bed  has  double  tracks  of'  85-lb.  raila 
and  the  combined  cross-sections  of  feeders  and  trolleys  for  two 
tracks  is  1  sq.  in.  of  copper.     In  the  calculations  all  tracks  and 
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feeders  are  asBumed  interconnected,  and  the  feeder  copper  Strang 
all  around  the  track. 

The  resistance  of  steel  rails  is  assumed  as  12  times  that  of  the 
corresponding  copper,  and  that  of  bonds  as  50  per  cent,  of  rails. 
This  gives  the  ohmic  resistance  of  four  rails  in  multiple  between 
two  sub-stations  (average  17,10)  ft.)  as  .09  ohms  and  the  cor- 
responding resistance  of  copper  as  .159  ohms,  or  a  total  resistance 
of  .25  ohms. 

Each  sub-station  has  three  650  k.  w.  converters  (one  as  spare) 
and  ten  240  k.  w.  transformers.  The  high  potential  lines  consist 
of  two  cables  No.  0  b.  &  s.  (one  of  which  is  spare)  for  each  of  the 
two  distant  stations  and  two  cables  No.  3  b.  <fe  s.  for  the  two 
nearer  stations. 

Distance  between  sub-stations  =  17,100  feet. 

The  transformers  have  two  per  cent.  /.  R,  loss  and  one  per  cent, 
core  loss.  The  converter  has  94  per  cent.  oflSciency  over  con- 
siderable range  of  loads.  The  generating  station  has  four  1,600 
k.  w.  generators  (one  as  spare)  and  engines. 

Referring  to  Fig.  8  we  find  that  neglecting  losses, 

KUlowatts. 

Average  load  in  k.  w.  on  one  sub-station  is 760 

Maximum  load  on  one  sub-station  is 1600 

Average  load  on  the  generating  station  is 8040 

Maximum  load  on  the  generating  station  is 4400 

This  brings  the  average  actual  load  on  a  rotary  converter  to 
832  K.  w. 

Maximum  load  on  rotarj  converter 1910 

Average  load  on  generating  station 8600 

Maximum  load  on  generating  station 5650 

The  converters  run  at   64^^  load  at  average  load, 

"  '*        146;^  load  at  maximum  load. 

The  generators  run  at    76^  load  at  average  load, 

'*  "        118^  load  at  maximum  load. 

B.  Alternating  Current  Motors  with  JRheostatic  Control. — 
The  motors  are  stipplied  power  from  four  sub-stations  at  an 
average  potential  of  3,000  volts  over  two  sets  of  three-trolley 
wires,  No.  00  b.  <fe  s.  (interconnected).  Each  sub-station  has  four 
700  K.  w.  transformers  (one  to  spare).  The  high  potential  lines 
are  two  sets  of  No.  00  b.  <&  s.  and  No.  2  b.  &  s.  respectively  for 
the  longer  and  shorter  distances. 

The  generating  station  has  five  1,800  k.  w.  three-phase  11,600 
volt  generators  and  five  1,600  k.  w.  steam  engines. 
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From  the  load  diagrams,  Figs.  9  and  10,  is  found  that  neglect- 
ing loseee, 

KlUowatts. 

Average  power  on  sab-station  is ; 1200 

Ayerage  k.  v.  a  **  1615 

Maximum  power  **  2300 

Maximum  k.  v.  a.         "  2800 

Average  power  generatiug  station  is 5150 

Average  K.  V.  A.        "  "  0060 

Maximum  power       **  '*  7100 

Maximum  K.  V.  A.     '*  '*  8800 

This  gives  an  average  k.  w.  output  of  power  station 5600 

K.  V.  A.  '•  "         *•     6500 

maximum  K.  w.      ••  '*         "      7780 

K.  V.  A.  *'  ••         "     8880 

The  generators  will  run  at   90^  load  at  average  load, 

"  "  128^  load  at  maximum  load. 

The  engines  will  run  at        92^  load  at  average  load, 
"  "  126^  load  at  maximum  load. 

C.  Alternating  Current  Motors^  Concatenated  Control. — The 
secondary  net  work  is  laid  out  as  in  previous  case,  but  the  high 
potential  lines  arc  duplicate  sets  of  No.  000  b.  a  s.  and  two  [No. 
OOO  B.  &  B.  cables  in  multiple  for  the  shorter  and  longer  distances 
respectively. 

Each  of  the  four  sub-stations  has  four  800  k.  w.  transformers. 
The  power  station  has  five  2,000  k.  w.  generators  and  five  1,400 
K.  w.  engines. 

From  the  load  diagram,  Figs.  11  and  13,  is  found  that  neglect- 
ing all  losses, 

KiUowatta. 

Average     power  on  sub-station  is 948 

»'            K.V.A.            *• 1660 

Maximum  power              *'              2000 

K.V.A.            •• 8500 

Average     power  on  generating  station  is 3800 

K.  V.  A.           ••               *•        6650 

Maximum  power              **               "         6000 

K.V.A.            "                •*         , 10000 

This  gives  an  average    k.  w.  output  of  power  station 4170 

K.V.A.    •*  '•  '*      6850 

•*         a  maximum  K.W.      '*  **  ••      6000" 

K.V.A.   •'  ••  ••      10000 

The  generators  will  run  at  8d^  load  at  average  load, 
! '  '*  125^  load  at  maximum  load. 

The  engines  will  run  at  75^  load  at  average  load, 
"  "  107^  load  at  maximum  load. 
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The  Belling  prices  of  the  yarious  items  referred  to  are  assumed 
as  follows : 

Complete  steam  equipment,  including  installation.  $76.00  s.w. 
High  potential  generators,  switchboards  and  in- 
struments   26.00    " 

Rotary  converter  sub-stations  and  apparatus 40.00    " 

Transformers  (700  k.  w.) 4.60    *' 

Direct  current  electric  locomotive  complete $16,000.00 

Alternating  current  electric  locomotive  complete.  19,000.00 

Passenger  coaches  (70  setits) 4,600.00 

High  potential  cables  (lO.OOO-v.)  No.  000  b  a  s.  . .  1.000.00  per  M.  ft. 

*•          •'           "             ••     00     "      ..  9S0.00         *' 

•*           ••           "             ••       0     •*      ..  840.00         ** 

••       1     •*      ..  710.00 

'•       2     •'      ..  650.00 

••       8     "      ..  600.00 

<3opper .'ISSperlb. 

Direct  current  troUej  construction 900.00  per  mile. 

Alternating  current  trollej  construction. . , 1,200.00      " 

«J-lb.  rails,  per  ton 26.00 

Track  construction : 600.00  per  mile. 

Expenses  of  Installation  and  Amount  Power  Rbquirsd. 

A.  Continuous  current  motors  with  series  parallel  control. 

B.  Alternating      '*  '*         '*    rheostatio  current. 

C.  '*  *•  **         *•    concatenated  control, 

A 

Power  house  steam  equipment $480,000 

electrical      "        166,000 


646,000 

Rotarj  converter  station 812,000 

Transformers .... 


812,000 

17  looomotiTes,  complete 235,000 

^  passengers  coaches 806,000 

581.000 

Cables,  duplicate 167,000 

Trollej  and  feeder  copper 49,000 


B 
$600,000 
234,000 

881,000 

C 
$626,000 
260,000 

786.000 

60,500 

67,600 

50,600 

57,600 

832.000 
806,00$ 

628,000 

822,000 
806.000 

628,000 

172,000 
81,0$0 

866,000 
81,000 

206,000        208,000        397,000 

Track,  material  and  construction 109,000       109,000        109,000 

Trolley  construction 28,400         81,200         81,300 


182,400        140,200        140,200 
ToUloost $1,867,000  $1,856,000  $2,008,000 
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ATerage  k.  w.  power  required 3650  5600  4170 

s.  w.  average  loss 600  440  880 

^loss 16.4  7.8                 9.1 

Percentage  of  d.  o.  power 100  158  114 

Percentage  coet  of  d.  c.  installation.  100  100  107 

It  16  thus  apparent  in  this  particular  instance,  which  is  fairlj 
respresentative  for  heavy  urban  work,  that  the  direct  current 
system  offers  decided  advantages  in  economy  if  installed  at  the 
same  price  as  the  alternating  current  system,  and  that  the  same 
economy  cannot  l>e  obtained  with  alternating  current,  no  matter 
at  what  cost,  furthermore,  that  the  alternating  current  system 
with  concatenated  control  is  preferable  to  that  with  rheostatic 
control.  It  must,  however,  be  borne  in  mind  that  for  an  actual 
installation,  practical  conditions  might  warrant  different  amount 
of  machinery  and  different  units,  and  that  allowances  must  be 
made  for  sharp  turns,  grades,  etc.,  and  that  the  prices  given  are 
somewhat  arbitrary.  The  three  systems  are,  however,  placed  on 
as  nearly  as  possible  the  same  footing,  so  that  the  comparisoit 
should  be  fair,  even  if  the  actual  cost  of  the  installation  is  con- 
siderably different. 

To  conclude,  it  might  be  stated  that  due  to  the  favorable  char- 
acteristics of  the  direct  current  railway  motor  and  the  rotary 
converters,  compared  with  the  alternative  current  motor  for  thia 
class  of  work,  very  few  propositions  warrant  the  use  of  the 
alternating  current  throughout.  Indeed  there  is  no  question  that 
the  stand  taken  by  the  American  engineers  in  this  matter  in 
recommending  rotary  converter  systems  almost  exclusively,  la 
correct  and  warranted  by  considerations  of  economy  tad  first 
cost,  no  matter  what  the  adverse  criticisms  have  been  of  late. 
There  is  undoubtedly  a  field  for  alternating  current  motors,  but 
it  16  strictly  limited  to  long  distance  schemes  with  very  few 
stops,  or  to  mountain  roads. 
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D1BCU88ION. 

[Discussion  on  the  papers  of  Messrs.  Armstrong  and  Berg, 
Buffalo,  Aug.  24,  1901.] 

Peksident  Stein  metz  : — Gentlemen,  before  proceeding  to  the 
discassion  of  these  two  papers,  I  will  call  upon  Mons.  Janet,  who 
desires  to  say  a  few  words  to  you. 

M0N8.  Paul  Janet: — Now  that  my  technical  remarks  are 
ended,  I  must  not  forget  that  today  is  the  day  of  parting,  and 
that  soon  we  shall  leave  each  other  for  a  long  time.  Some  two 
weeks  ago,  in  New  York,  I  was  exprestting  to  you,  in  the  name 
of  my  fellow-countrymen,  all  the  sentiments  that  yonr  warm  wel- 
come had  inspired  in  us ;  since  that  time  you  have  overwhelmed 
us  with  the  most  delicate  attention ;  the  day  passed  in  New 
York,  on  the  East  River,  the  sail  on  the  Hudson  Eiver,  the 
charming  reception  at  Schenectady;  in  a  word,  all  this  entire 
week  passed  in  Buffalo,  Niagara,  at  the  Exposition,  in  the  vari- 
ous stations  of  the  city,  all  that  will  leave  ineffable  recollections 
with  us.  The  technical  visits  that  we  have  been  able  to  make 
in  company  with  yon  have  been  highly  instructive  to  us ;  we 
have  especially  admired  the  magnitude  and  power  of  your  instal- 
lations, and,  in  each  of  them,  the  great  care  which  has  been  de- 
vote^  to  the  study  of  the  equipment.  This  portion,  which  was 
formerly  considered  a  mere  accessory,  assumes  to  day  the  highest 
importance,  and  we  have  been  struck  with  the  considerable 
efforts  that  you  have  made  to  bring  it  to  the  same  degree  of  per- 
fection as  the  steam  engine  and  the  dynamo ;  the  switches,  the 
circuit -breakers,  all  the  control  and  safety  appliances,  become 
real  machines,  really  mechanical  and  robust  in  construction,  and 
they  take  the  important  place  which  belongs  to  them. 

It  would  take  too  long  to  enumerate  here  all  the  other  objects 
of  our  remarks ;  this  will  form  the  material  of  a  report  that  we 
will  prepare  on  our  return.  For  the  moment,  allow  me  to  ex- 
press to  you,  for  the  last  time,  the  sentiments  of  profound  grate- 
iulness  that  we  feel  for  our  reception,  and  the  hope  that  our  trip 
will  have  contributed  to  secure,  in  a  more  intimate  manner,  the 
bonds  of  fraternity  between  the  American  Institute  of  Eleo- 
TBicAL  Engineers  and  the  Societe  Internationale  des  Elec- 
triciens. 

President  Stbinmetz: — Gentlemen,  I  believe  you  will  join 
with  me  when  I  assure  Mons.  Janet  that  the  pleasure  has  been 
mutual,  and  while  we  are  very  glad  to  have  been  able  to  make 
him  comfortable  here  and  to  entertain  him,  we  have  profited 
just  as  much  by  his  presence  and  the  presence  of  his  friends,  be- 
cause there  is  nothing  which  broadens  the  views  of  men,  es- 
pecially of  engineers,  so  much  as  intercourse  among  those  who 
nave  studied  the  same  problems  from  different  points  of  view  or 
in  different  countries;  and  beside  this,  the  intercourse  which 
now  exists  between  ourselves  and  our  friends  from  abroad,  is  a 
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means  of  strengthening  the  bond  which  ever  has  connected  all 
the  engineers,  all  the  scientific  men,  from  the  various  countries 
with  one  another  and  is  the  outward  sign  of  the  unity  of  interest 
and  the  unitj  of  ideas  and  of  sentiment  existing  between  them. 

Gentlemen,  before  proceeding  with  the  next  paper,  I  call 
upon  the  Secretary  to  read  some  resolutions  which  nave  been 
brought  up  by  the  Library  Committee  for  your  further  action. 

Secretary  Pope  read  the  following  resolutions : 

WHEBLBR  RESOLUTIONS. 

Wtiereai,  Dr.  Schuyler  Skaats  Wheeler,  a  life  member  of  the  AiCBBTCAir 
Instftutb  of  Electrical  Bnginsbrb,  has  purchased  the  extensive  collection 
of  electrical  books  and  periodicals,  made  bj  the  late  Latimer  Clark,  and  has 
presented  it  to  the  Institute,  on  certain  conditions  as  to  its  future  preserva- 
tion  and  maintenance  ;  and. 

Whereas,  The  Council  of  the  Institute  has  accepted  the  gift  on  the  terms 
stated  bj  the  donor;  and, 

Whereatt,  The  library,  which  thus  becomes  the  property  of  the  Institute, 
comprising  2,048  bound  volumes  of  books,  8,450  bound  pamphlets  and  1,378 
volumes  of  periodicals,  is  the  most  complete  collection  of  early  electrical  liter- 
ature in  the  world,  being  especially  rich  in  the  rare  publications  of  the  seven- 
teenth and  eighteenth  centuries,  and  containing  practically  all  modern  works 
up  to  1886 ;  now,  therefore,  be  it 

Reiolved,  That  the  American  Institute  of  Electrical  Engineers 
hereby  acknowledges  to  Dr.  Wheeler  its  high  appreciation  of  this  magnificent 
gift,  and  of  the  generous  spirit  which  he  has  shown  in  thus  placing  this  valuable 
library  at  the  service  of  his  fellow-members,  and  at  the  same  time  laying  sach 
a  substantial  foundation  for  the  future  library  of  the  Institute  ;  and  be  it 
further 

Resolved,  That  these  resolutions  be  engrossed,  and  that  one  copy  be  pre- 
sented to  Dr.  Wheeler,  and  another  copy  be  suitably  framed  and  hung  in  the 
Library  of  the  Institute. 


CARNEGIE  RESOLUTIONS. 

Whereas,  The  American  Institute  op  Electrical  Engineers, 
through  the  generosity  of  one  of  its  life  members,  has  become  the  owner  of  the 
Latimer  Clark  electrical  library,  containing  almost  7,000  titles  of  books, 
pamphlets  and  periodicals  published  prior  to  1886  ;  and, 

Whereas,  In  order  to  make  the  library  of  the  greatest  use  to  all  members 
of  the  Institute  and  to  the  electrical  profession  generally,  a  large  sum  of 
money  was  needed  for  the  preparation  of  a  printed  catalogue  and  for  the  pur- 
chase of  additional  volumes;  and, 

Whereas,  Mr.  Andrew  Carnegie  has  generously  contributed  $6,880  for 
these  purposes;  now,  therefore,  be  it 

Resolved,  That  the  American  Institute  of  Electrical  Engineers 
hereby  expresses  to  Mr.  Carnegie  its  high  appreciation  of  his  generous  gift  and 
of  the  interest  which  he  has  shown  in  the  welfare  of  the  Institute  by  thus 
assisting  in  so  substantial  a  manner  to  establish  and  make  accessible  a  library 
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^hich  shall  contain  the  entire  literature  of  electrical  science;  and  be  it  farther 
Rs9olvfd,  That  these  resolations  be  engrossed,  and  that  one  copy  be  pre- 
4Bented  to  Mr.  Carnegie,  and  that  another  copj  be  suitablj  framed  and  hung  in 
the  library  of  the  Institute. 

Mb.  Mailloux: — I  take  pleasure  in  moving  the  unanimous  ac- 
ceptance of  these  resolutions. 

Mb.  C.  a.  Bbagg: — I  second  the  motion,  Mr.  President. 

[Carried  unanimously.] 

Pbbsidbnt  Steinmetz  :— Gentlemen,  discussion  is  now  in  order 
on  the  papers  of  Messrs.  Armstrong  and  Berg.  We  have  here 
with  us  several  prominent  engineers  from  foreign  countries, 
who  undoubtedly  have  given  the  problem  of  three-phase  alter- 
nating current  railroading  a  good  deal  of  attention,  and  we 
should  be  very  glad  to  hear  from  them.  Mons.  Gillon,  will  you 
not  say  a  few  words  to  us  ? 

Pbof.  G.  Gillon,  (University  of  Lonvain,  Belgium)  :  [Transla- 
tion]— I  regret  very  much  not  to  have  sufficient  knowledge  of 
English  to  he  able  to  express  myself  in  your  language,  but  that 
would  be  all  the  more  difficult,  in  ismuch  as  your  President  has 
called  on  me  unexpectedly,  in  consequence  of  which  I  would  l>e 
much  embarrassed  to  tell  you  anything  interesting.  I  do  not 
possess  any  personal  experience  on  the  subject  which  is  at  pre- 
sent before  us,  but  1  have  had  occasion  to  follow,  from  quite  near, 
some  recent  experiments  which  are  still  in  process  at  Berlin. 
These  experiments  relate  to  electric  railroad  traction  at  very  high 
speed  (125  miles  per  hour).  It  is  noteworthy  that  for  a  long  dis- 
tance line  which  requires  locomotive  capacity  of  1,600  h.  p. 
normal  output,  we  could  scarcely  think  of  utilizing  continuous 
currents  at  500  volts,  since  the  expense  for  copper  and  the  num- 
ber of  substations  would  both  become  entirely  too  great. 

It  is,  therefore,  natural  to  think  of  triphase  currents  at  10,000 
or  12,000  volts,  especially  since  the  principal  objection  to  the  tri- 
phase motor,  notably  that  of  starting  with  difficulty  and  of  ab- 
sorbing a  large  amount  of  energy  on  grades  as  the  result  of 
its  spaed  constancy,  would  disappear  in  certain  cases,  for  ex- 
Ample — that  of  a  long  line  at  very  high  speed  on  ground  having 
few  slopes  and  where  only  few  stops  are  necessary.  Under  these 
conditions  i  see  a  future  quite  near  and  quite  extensive  for  trac- 
tion by  means  of  triphase  electric  motors.  It  is  this  conviction 
which  has  led  the  firm  of  Siemens  and  Halske  to  make  certain 
experiments,  of  which  I  will  say  a  few  words. 

About  two  years  ago,  this  firm  put  on  trial  on  a  line  two  miles 
long,  a  locomotive  of  300  h.  p.  capacity,  taking  current  at  lo,000 
volts  from  a  triphase  overhead  line  by  means  of  three  rubbing 
trolleys.  The  high  tension  current  from  the  line  passes  through 
the  transformers  which  furnish  it  to  the  motors  at  700  volts. 
I  have  had  occasion  to  see  this  locomotive   in  operation.     Its 
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starting  is  rapid  enough,  and  the  trolleys  make  satisfactory  con- 
tact with  the  line,  although  it  should  be  stated  that  the  speed 
was  only  about  forty  miles;  in  consequence  of  the  short  length 
of  the  line  it  was  naturally  not  possiV)le  to  attain  higher  speeds,  but 
these  experiments  seem  nevertheless  to  have  proved  the  possibili- 
ties of  a  triphase  line  operating  under  10,000  volts,  notably  f rom^ 
the  standpoint  of  circuit  insulation  of  the  trolley  connections  and 
of  the  current  and  power  control.  It  remains,  however,  to  be 
established  whether  the  speeds  desired  can  be  attained,  and  es- 
pecially whether  these  speeds  will  be  attained  with  an  economic- 
ally possible  efficiency.  It  is  in  order  to  establish  these  points  that 
the  nrm  of  Siemens  and  Halskehas  constructed  a  motor  car  of  90 
tons,  with  4  motors,  having  an  aggregate  capacity  of  3,200  h.p.in 
starting,  and  1,600  h.  p.  mean  working  output.  This  would  consti- 
tute by  itself  a  high  speed  train  having  seating  capacity  for  60  to  70 
Eassengers.  It  must  be,  by  this  time,  actually  constructed,  and  will 
e  tried  shortly  on  a  line  of  28  miles  between  Berlin  and  Zossen. 
Some  analogous  experiments  will  likewise  be  made  by  the  Allge- 
meine  Electricitats  Gesellschaft  on  this  line.  It  is  to  be  hoped 
that  these  efforts  will  be  crowned  with  success  and  that  the  elec- 
trical industry  will  see  opening  to  it  an  avenue  of  usefulness  as 
new  as  it  is  important. 

Pbesident  Steinmeiz  : — Gentlemen,  we  have  listened  to  Mons. 
Gillon's  interesting  remarks.  Now  we  should  like  to  hear  from 
another  country.  Perhaps  Dr.  Janisch  can  enlighten  us  further, 
as  he  is  connected  with  the  Siemens  company  which  has  done 
quite  a  good  deal  of  experimenting  in  railway  matters. 

Dr.  Janisch  : — I  am,  unfortunately,  not  in  the  position  to 
give  you  material  information  in  regard  to  the  question  under 
discussion,  since  I  am  not  directly  connected  with  that  depart- 
ment of  Siemens  and  Halske  which  is  making  comprehensive  ex- 
periments on  this  subject.  I  know  that  my  firm  is  running  an 
electric  locomotive  with  10,000  volts  three-phase  current  and 
maximum  speed  capacity  of  140  miles  per  hour  experimentally 
on  an  experimental  track  in  Gross-Lichterfelde  in  the  neighbor- 
hood of  Berlin. 

So  far  as  known  to  me,  these  experiments  are  to  be  carried  on 
in  common  with  other  electric  companies  of  my  country  on  the 
railway  line  between  Berlin  and  Zossen.  The  extent  to  which 
the  industrial  utilization,  on  a  large  scale,  of  the  experimental  re- 
sults obtained  may  become  possible  in  the  future,  depends  in 
reality  on  the  encouragement  of  our  authorities,  who,  unfortu- 
nately, are  not  always  disposed  to  follow  the  rapidly  advancing 
technology  with  intelligence,  and  do  not  always  understand  how 
to  impart  to  a  healthy  development  of  our  industry  that  pro- 
pelling force  which  you  here  call  "  push,"  and  which  has  made 
you  so  great  in  such  a  remarkably  short  time. 

I  beg  you  for  today  to  be  satisfied  with  the  small  amount  of 
information  which  I  am  able  to  communicate  to  you,  and  beg  to 
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be  allowed,  after  my  return  to  Germany,  to  corarannicate  more 
complete  information,  perhaps,  in  your  Transactions,  concerning 
the  character  and  results  of  our  experiments.  I  still  have  to 
thank  your  President  most  heartfully  for  the  exceedingly  great 
honor  which  your  highly  honored  society  has  done  me  by  smgling 
me  out  to  be  its  guest  during  this  meeting,  and  .this  thought  ac- 
companies a  hope,  that  if  it  sliould  be  my  privilege  to  attend  some 
of  your  future  meetings  I  may  not  only  profit  by  your  abundant 
experience,  but  that  I  may  myself  be  able  to  contribute  some- 
thing from  my  own  country  which  may  be  interesting  and  useful 
to  some  of  your  honored  members. 

In  conclusion,  1  permit  myself  to  thank  you  most  heartily 
for  your  personal  efforts  in  my  behalf,  and  beg  you  to  accept  my 
kindest  regards  with  special  consideration. 

Mb.  Bion  J.  Aenold: — Mr.  President,  I  am  very  glad,  indeed, 
that  the  representatives  here  from  foreign  countries  were  brave 
enough  to  get  up  and  say  pomething  in  favor  of  the  three-phase 
railway,  for  we  of  this  country  have  been  somewhat  slow  in  this 
field,  and  seem  here  to-day  to  have  pretty  thoroughly  buried  the 
alternating  motor  for  railway  work.  I  am  very  sorry  to  see  it. 
AVhile  I  may  not  be  ready  to  advise  others  to  put  into  practice 
what  I  really  believe  at  the  present  time,  and  since  we  are  all 
more  or  less  the  creatures  of  our  environments,  I  might  advise 
differently  from  what  I  actually  believe,  in  order  to  conform  to 
the  conservatism  necessary  for  a  safe,  advising  engineer.  I  am, 
nevertheless,  a  believer  in  the  future  of  the  alternating  motor  for 
heavy  railroad  work.  I  have  been,  in  turn,  a  friend  of  the  steam 
locomotive,  the  stomge  batterr  and  the  rotary  converter  sub- 
station, and  have  used  many  of  each  of  them  in  various  plants. 
For  this  reason  1  believe  1  am  in  a  position  to  consider  the  mat- 
ter from  a  fair  standpoint.  I  am  now  in  favor  of  the  alternating 
motor  on  railroad  trains,  notwithstanding  the  fact  that  it  does 
not  seem  to  have  many  friends  here  to-day.  llow  we  are  going 
to  use  it,  I  am  not  prepared  to  say.  I  am  not  at  all  certain  that 
1  shall  suggest  a  solution,  but  I  believe  somebody  will  do  it.  I 
do  not  want  to  admit  that  the  inventive  talent  employed  by  the 
large  electrical  manufacturing  establishments  of  this  country  is 
unable  to  solve  this  problem,  and  I  believe  if  left  to  itself  with  a 
free  hand,  that  it  will  do  it.  We  have  been  handling  this  electri- 
cal question,  from  the  railroad  standpoint,  differently  from  what 
I  believe  it  should  be  handled.  The  electric  motor,  primarily,  is 
a  constant  speeded  machine,  most  efficient  at  a  constant  load,  and 
designed  to  run  from  a  constant  pressure.  We  have  been,  up  to 
the  present  time,  endeavoring  to  make  it  start  its  load  by  throw- 
ing energy  from  this  constant  source,  corresponding  in  hydraulics 
to  a  high  head  of  water,  into  it  in  great  chunks,  to  use  a  crude 
expression,  and  then  letting  it  dissipate  the  unutilized  energy 
in  the  form  of  heat  on  itself,  or  through  auxilary  resistance,  in 
order  to  hold  back  this  destructive  force  until  the  motor  can  get 
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its  speed  suflSciently  high  to  protect  itself.  I  think  this  is  wrong. 
It  may  do  for  small  units,  such  as  we  are  running  street  cars 
with.  It  may  do  for  electric  elevators,  where  the  loads  are  light. 
It  will  not  do  for  heavy  trains. 

My  opinion  is  that  we  must  in  some  manner  use  this,  at  pres- 
ent, dissipated  energy  to  assist  in  starting  the  trains.  \Vhen  we 
do  that,  1  believe  the  alternating  current  motor  will  pull  our  rail- 
road trains. 

Now,  in  regard  to  this  paper  of  Mr.  Berg,  and  the  paper  of 
Mr.  Armstrong,  I  want  to  say  that  I  thoroughly  appreciate  the 
amount  of  work  it  has  taken  to  give  us  the  information  contained 
in  them.  It  certainly  is  valuable  information.  1  do  wish, 
however,  that  Mr.  Berg  had  taken  an  example  of  a  railroad, 
which  would  be  a  little  bit  more  fair,  in  my  judgment,  to 
the  alternating  motor.  I  do  not  doubt  that  his  intention  has 
been  to  be  perfectly  fair,  but  I  do  believe  that,  if  he  had  taken  a 
little  greater  distance  into  consideration  the  figures  would  have 
been  different.  He  has  taken  quite  a  short  road,  and  a  road 
fairly  well  adapted  to  the  direct  current  system.  I  have  no 
doubt  Mr.  Berg  will  answer  this,  and  give  us  the  information  I 
am  looking  for :  i.  €.,  what  the  conditions  were  under  which  these 
•calculations  were  made,  and  whether  or  not  a  greater  distance 
would  have  modified  these  figures.  As  to  his  conclusions,  for 
4b1ow  speed  railway  systems  such  as  we  are  operating  in  our  cities 
to-day,  I  think  he  is  correct.  I  do  not  think  that  there  is  any- 
thing that  can  equal  the  direct  current  for  such  work.  Cerfainly 
the  rotary  converter  sub-station  direct  current  motor  system  is 
better  than  any  other  existing  plan  for  interurban  roads  with 
light  trains,  although  I  believe  that  the  cost  of  such  a  system  is 
too  great  and  that  it  will  ultimately  give  way  to  the  alternating 
motor  system.  But  when  we  get  into  heavy  railroad  work, 
where  we  want  to  start  a  heavy  train  from  one  terminus  and  run 
it  through  to  another  terminus  at  high  speed,  with  few  stops,  it 
«eems  to  me  the  alternating  motor  is  the  ideal  thing  for  it.  I  am 
looking  for  the  manufacturing  engineers  of  this  country  to  solve 
that  problem. 

Mr.  Mailloux  : — Mr.  President  and  gentlemen,  I  have  listened 
with  a  great  deal  of  interest  to  the  presentation  of  the  papers  by 
Mr.  Berg  and  Mr.  Armstrong,  and  also  the  remarks  which  have 
been  made,  more  especially  by  my  colleague,  Mr.  Arnold.  Mr. 
Arnold  and  I  had  the  pleasure  of  visiting  together  many  poly- 
phase railroad  installations  in  Switzerland  last  year.  We  both 
came  home  permeated  with  the  idea  that  the  future  belonged  to 
the  polyphase  current.  Mr.  Arnold,  I  see,  is  still  c[uite  saturated 
with  that  idea.  I  have  had  some  experience  within  the  last  few 
months  which  has  tended  greatly  to  demagnetize  me  in  that  re- 
spect. I  will  not  dispute  the  fact,  well  recognized,  and  which 
has  been  adverted  to  by  our  colleague  from  Belgium,  Prof.  Gil- 
Ion,  that  for  long  distances,  whether  the  speeds  be  high  or  low, 
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the  alternating  current  is  extremely  well  suited.  It  offers  many 
advantages  in  the  generation,  the  distribution  and  the  utih- 
zation  of  current.  There  are,  howeyer,  problems  in  electric  rail- 
roading, in  cases  where  it  is  desired  to  give  a  high  speed  service 
on  relatively  short  runs,  which  practically  preclude  the  use  of  the 
alternating  current  motor,  in  the  present  state  of  the  art ;  and  I 
think  that  in  this  case  one  might  say  that  the  greater  the  schedule 
speed  which  is  to  be  maintained,  the  more  difficult  it  is  to  utilize 
and  apply  successfully  the  alternating  current  motor.  The  limit- 
ations depend  upon  the  distance  run  and  the  speed  to  be  attained 
in  that  run. 

The  curves  in  Fig.  2  of  Mr.  Berg's  paper  give  a  very  inter- 
esting comparison,  which  serves  usefully  to  diagnose  the  case,  so 
to  speak,  in  this  figure  Mr.  Berg  has  superposed  two  diagrams 
of  acceleration,  one  being  the  diagram  of  acceleration  of  a  direct 
current  motor,  and  the  other  that  of  an  alternating  current 
motor,  both  of  presumably  equivalent  capacity  and  intended  for 
the  same  service. 

The  ordinates  (y)  of  these  acceleration  curves  represent  speeds, 
in  miles  per  hour^  and  the  abscissse  (a?)  represent  time  in  seconds, 
counted  from  the  instant  that  the  car  begins  to  move. 

The  rising  portions  of  both  curves  are  shown  straight  in  Fig. 
2,  although  we  know  that  practically  they  cannot  l)e  straight 
since  one  of  the  factors,  namely,  the  train  resistance,  is  not  con- 
stant, but  varies  with  the  speed.  In  reality,  the  two  curves 
should  both  be  slightly  concave  toward  the  axis  of  a?,  although 
the  difference  is  sniall,  and,  for  the  purpose  of  comparison,  may 
be  negligible.  The  differential  co-efficient  of  the  rising  portion 
of  eaen  curve;  that  is  to  say,  the  ratio  of  any  increment  of  speed 
to  the  corresponding  increment  of  time  is,  in  either  case,  a  meas- 
ure of  the  change  in  speed;  in  this  case,  of  the  gain  in  speed, 
stated  in  miles  per  hour.  The  straight  lines  in  this  case  are  tan- 
tamount to  the  assumption  that  the  rate  of  acceleration  is  con- 
stant until  the  speed  line  ceases  to  be  straight.  In  practice  it  is 
very  nearly  constant.  The  portion  of  area  of  each  acceleration 
curve  comprised  between  zero  time  and  any  given  time,  is,  as  is 
well  known,  a  measure  of  the  distance  covered  by  the  car  in  the 
corresponding  time.  The  distance  covered,  when  calculated  and 
plotted  for  each  time  value,  gives  the  distance  curve  or  integral 
curve,  so-called. 

Mr.  Berg  has  given  at  the  upper  part  of  the  diagram  such  a 
distance  curve,  which  I  presume,  in  this  case,  is  the  distance 
curve  corresponding  to  the  alternating  current  motor.  It  is  to 
be  regretted  that  he  did  not  also  plot  the  integral  curve  for  the 
other  motor,  whichever  it  was;  because  it  is  precisely  in  the 
comparison  of  the  integral  curves  that  one  learns  the  most  useful 
lessons  in  regard  to  the  relative  advantages  of  the  two  systems 
of  motors,  especially  for  high  speed  service.  If  both  curves  had 
been  plotted,  the  two  curves  would  show  a  difference  in  their 
rates  of  rise  at  the  beginning. 
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This  difference  in  rates  of  rise  of  the  two  distance  curves  is  a 
necessary  mathematical  consequence  of  the  fact  that  the  two  ac- 
celeration curves  do  not  coincide,  but  rather  diverge  as  they  rise 
from  zero;  in  each  case  the  rate  of  rise,  or  the  differential  co- 
efficient {dy/dx)  of  the  integi-al  curve  b^ing  directly  proportional 
to  the  height  {y)  of  the  acceleration  curve  at  the  same  time  point 
{x).  This  difference  in  rates  of  rise  of  the  two  distance  curves 
is,  therefore,  related  to  the  fact,  plainly  visible  in  Fig.  2,  that 
the  two  acceleration  curves  have  humps  or  crests  which  do  not 
occur  at  the  same  time  points. 

Now,  the  two  superposed  acceleration  diagrams,  taken  with 
their  corresponding  distance  curves,  afford  a.  criterion  and  com- 
parison of  what  might  be  termed  the  "  efficacy  of  acceleration." 

The  motor  whose  distance  curve  shows  the  greater  rate  of  rise 
at  the  beginning  is,  of  course,  the  motor  which  has  the  more 
rapid  accelemtion,  for  the  distance  curve  shows  that  it  then 
covers  more  distance  per  unit  of  time.  The  rapidity  of  acceler- 
ation depends,  as  is  well  known,  on  the  steepness  of  the  riging 
portion  of  the  acceleration  curve;  in  other  words,  on  the  angle 
which  the  mean  direction  of  the  acceleration  curve  makes  with 
the  axis  of  x  in  the  rising  portion,  which  angle  might  be  called 
the  *'  initial  angle  of  acceleration,"  the  tangent  of  which  iy/x)  is 
substantially  equal  to  the  mean  rate  of  acceleration;  i.  e.j  the 
gain  in  velocity  (miles  per  hour)  per  second. 

When,  as  in  high  speed,  rapid  transit  service,  with  relatively 
short  runs  and  high  schedule  speed,  the  motor  has  to  make  so 
many  starts  and  runs  so  little  time  at  full  speed  that  it  practically 
<loes  most  of  its  work  on  the  early  part  of  the  acceleration  dia- 
gram, then,  evidently,  that  motor,  and  that  motor  alone,  should 
be  selected  which  can  give  the  greatest  initial  angle  of  accelera- 
tion, and  which  consequently  soonest  can  give  the  maximum  rate 
of  rise  to  the  integral  or  distance  curve. 

The  two  acceleration  curves  in  Fig.  2  show  quite  a  divergence 
in  their  ascending  portions,  the  "  initial  angle  "  of  acceleration 
being  greater  for  the  d.  c.  than  for  the  a.  c.  motor.  This  diver- 
gence would  be  much  greater  still  if  the  diagrams  had  been 
made  especially  for  the  purpose  of  comparing  or  contrasting  the 
time-saving  or  schedule  speed-making  possibilities  of  the  two 
types  of  motors  instead  of  their  economic  merits  in  a  case  where 
the  schedule  speed  is  inside,  although  near,  the  limits  of  the  a.  c. 
motor. 

The  real  reason  why  the  a.  c.  motor  is  not  as  ^ood  as  the  d.  c. 
motor  for  high  speed  rapid  transit  service  is  simply  that  the 
initial  angle,  or  mean  rate  of  acceleration,  cannot  be  made  as 
high  as  that  of  the  d.  c.  motor.  Its  limitation  in  this  respect  is 
due  to  the  fact  that  the  present  a.  c.  motors  can  develop  a  maxi- 
mum starting  torque  of  from  two-and-a-half  to  three  times  the 
normal  full  load  torque  only,  whereas  a*  d.  c.  motor  can  develop 
a  maximum  starting  torque  equal  to  five,  six,  or  more  times  the. 
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average  normal  rnnning  torque.  The  starting  torque  of  a  d.  e. 
motor  is,  indeed,  only  limited  by  the  current  which  one  dares  to 
send  through  it  at  the  time  of  starting.  The  curve  of  tractive 
effort,  as  a  function  of  the  current,  usually  shows  that  the  torque 
increases  faster  than  the  current,  or  that  the  pull  per  ampere  is 
actually  higher  at  the  limiting  current  value  than  at  the  running 
<5urrent  value.  As  a  matter  of  fact,  one  may,  and  does,  in  emer- 
gencies, for  very  short  times,  pass  iHrger  currents  through  a  d.  c. 
motor  than  would  be  usually  allowable  or  necessary,  thereby  ob- 
taining a  tractive  effort  of  as  much  as  eight,  nine,  or  even  ten 
times  the  mean  effort.  In  the  case  of  the  a.  c.  motor,  as  pointed 
out,  one  is  limited,  and  cannot  get  a  torque  beyond  that  which 
the  impressed  e.  m.  f.  can  produce.  Now,  looking  again  at  the 
two  acceleration  curves,  we  see  that  since  the  area  of  the  diagram 
represents  distance,  the  more  quickly  we  can  fill  up  that  diagram; 
that  is,  the  less  time  we  lose  in  climbing  up  to  full  speed  the 
more  area  we  enclose  and  the  more  distance  we  cover  in  a  given 
time.  That  is  the  mathematical  reason  why  we  must  have  an 
iicceleration  curve  as  steep  as  possible.  That  can  only  be  ob- 
tained by  having  a  motor  which  will  give  as  large  an  amount  of 
net  tractive  effort  as  possible;  that  is  to  say,  naving  a  motor 
which,  after  having  allowed  for  the  tractive  effort  (pounds  pull) 
necessary  to  move  the  car  against  the  axle  friction,  tne  rail  fric- 
tion, and  the  wind  friction  ( i.e,y  the  train  resistance),  shall  give 
-as  many  net  pounds  as  possible,  because  these  only  are  the  ones 
which  are  necessary  ana  serviceable  for  acceleration. 

This  net  pull  produces  and  represents  the  energy  that  is  to  be 
put  into  the  car  in  the  form  of  momentum.  It  must  come  out  of 
the  electric  circuit  in  some  form,  and  I  cannot  conceive  of  any 
way  in  which  we  can  juggle  with  the  circuit  so  as  to  get  this  en- 
ergy without  expanding  it  or  drawing  it  from  the  circuit.  Ref- 
erence has  been  made  to  elevator  motors,  and  to  means  of  start- 
ing with  lower  currents.  In  the  case  of  a  car,  we  have  so  many 
tons  of  mass  to  which  a  certain  velocity  must  be  given  in  a  rela- 
tively short  time.  That  requires  a  definite  amount  of  mechanical 
energv  (foot  pounds)  to  be  generated  in  the  time,  and  it  is  there- 
fore the  rate  at  which  we  can  produce  those  foot  pounds  and  put 
them  into  the  train  that  determines  the  acceleration. 

The  electrical  manipulation  of  the  motor  circuits  and  wind- 
ings, or  the  resort  to  mechanical  expedients  and  accessories  like 
ahaft-clutches,  gears  with  variable  speed  ratios,  etc.,  is  only 
useful  to  the  extent  that  it  improves  the  efficiency  of  conver- 
sion of  electrical  into  mechanical  energy,  thus  enabling  a  given 
motor  to  produce  more  mechanical  output  from  a  given  electrical 
input ;  and  since  the  benefit,  if  any,  from  these  features  would 
be  shared  by  both  types  of  motors,  their  relative  situation 
would,  therefore,  not  be  materially  changed  thereby.  So  far, 
my  investigations  have  resulted  in  the  disappointing  conclu- 
sion that  it  is  impossible,  in  relatively  short  runs,  to  obtain  a 
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mean  angle  of  acceleration  sufficiently  steep  with  the  a.  c.  motor 
to  make  it  possible  for  us  to  hope  to  produce  with  it  the  sched- 
ule time  required  for  high  speed  service.  If  the  run  is  relatively 
long  it  can  be  done;  but  I  have  found  that  on  runs  of  a  mile, 
a  mile  and  a  half,  and  perhaps  more,  the  difficulties  of  obtaining 
a  rate  of  acceleration  sufficiently  high  are  so  great  that  the  manu- 
facturers give  us  little  or  no  hope  of  the  immediate  solution  of  the 
problem.  Therefore,  while  I,  myself,  started  out  with  the  pre- 
conceived idea  of  the  great  advantages  of  the  alternating  current 
system,  and  could  point  as  an  incentive  to  very  many  interesting 
examples  in  Europe,  yet  I  am  forced  to  the  conclusion  that  for 
most  cases  "the  time  is  not  yet."  The  paper  of  Mr.  Berg,  and  I 
think  that  of  Mr.  Armstrong,  cited  cases  of  mountain  railroad- 
ing where  the  alternating  current  system  is  particularly  applica- 
ble ;  but  unfortunately  these  are  not  the  conditions  which  obtain 
in  the  cases  which  engineers  have  to  deal  with  at  present.  They 
are  cases  which  apply  to  the  future  rather  than  to  the  present.  It 
will  doubtless  be  necessary  for  us  to  demonstrate  the  feasibility^ 
applicability  and  practicability  of  electric  railroading  on  a  large 
scale,  on  much  smaller  roads  and  under  vastly  difiEerent  conditions 
before  the  roads  where  the  conditions  are  apparently  so  ideally 
favorable  can  become  interested  in  it. 

Peof.  Gillon:— I  think  that  I  have  understood  that  mj 
friend  Mr.  Mailloux  has  spoken  of  the  application  of  high 
speeds  to  lines  having  frequent  stops,  such  as  for  metropolitan 
elevated  and  underground  lines.  It  seems  to  me  that  for  short 
distances,  there  is  hardly  any  object  in  exceedinff  speeds  of  60 
miles  an  hour,  for  the  expenditure  of  energy  whicn  would  be 
required  for  a  too  rapid  acceleration  would  not  be  justified  by 
the  very  small  amount  of  time  gained  in  short  distances. 

The  normal  sitniosity  {i,  e.j  the  unavoidable  curves)  of  said 
lines  will  limit,  in  general,  the  maximum  speed  to  a  speed  below 
60  miles. 

I  think  Mr.  Mailloux  has  stated  that  it  was  possible  to  obtain 
direct  current  motors  capable  of  developing  in  starting  a  torque 
seven  or  eight,  or  even  nine  times  the  normal  running  power^ 
whereas  the  maximum  torque  of  tri phase  motors  does  not  exceed 
two  and  one  half  times  the  normal  torque. 

I  admit  the  existence  of  such  direct  current  motors,  assuming 
that  suitable  precautions  arc  taken  to  avoid  the  heating  of  the 
insulation  and  sparking  at  the  brushes,  but  I  would  call  attention 
to  the  fact  that  in  the  transformer  motor  car,  one  can  increase  at 
will  the  starting  torque  of  triphase  motors.  It  is  sufficient  for 
this  to  raise  the  e.  m.  f.  applied  at  the  terminals  of  these  motors 
by  inserting  a  few  supplementary  winding  turns.  In  the  sec- 
ondary of  the  transformers  this  is  more  especially  possible,  inas- 
much as  the  starting  torque  increases  in  proportion  to  the  square 
of  the  applied  e.  m.  f. 

Mr.  E.  p.  Roberts  : — I  desire  to  ask  one  or  two  questions  and 
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to  make  a  few  remarks  from  a  similar  standpoint  to  that  of  Mr, 
Arnold,  who  is  a  designer  of  electric  roads.  It  has  been  stated 
that  the  polyphase  system  with  induction  motors  is  especially 
applicable  to  long  hauls  at  constantly  maintained  speed.  In 
Ohio,  where  we  have  a  number  of  electric  railways,  we  have  no 
such  roads.  We  do  not  at  present  have  very  long  roads ;  i.  a., 
roads  of  over  50  miles,  though  we  shortly  will  have ;  but  we  do 
have  quite  long  roads  with  high  speed  schedules  and  compara- 
tively few  stops,  and  one  of  these  roads  also  operates  at  the  same 
time  a  medium  speed  schedule  having  a  greater  number  of  stops^ 
and  this  road  has  only  a  single  track ;  in  other  words,  the  roads 
are  already  so  long  as  to  require  both  rapid  through  service  and 
local  cars  stopping  at  all  towns  and  villages,  and  quite  often  in  ' 
the  country. 

Relative  to  sub-stations,  we  are  all  hoping  that  it  will  be  pos- 
sible to  do  away  with  these  and  not  have  an  interest  account  on 
the  investment  in  rotating  machinery  and  also  a  depreciation  and 
repair  account  on  them,  and,  in  addition,  the  payment  of  salaries 
for  attendants.  Capitalizing  salaries  and  adding  it  to  the  cost 
of  machinery  makes  the  total  tirst  cost  of  sub-stations  a  very  con- 
siderable percentage  of  the  total  cost  of  an  interurban  electric 
railway,  and  a  great  increase  per  mile  as  compared  with  ten  to 
fifteen  mile  direct  current  roads. 

As  Mr.  Arnold  stated,  we  must  look  to  the  manufacturers  to 
obtain  machinery  to  accomplish  the  results  desired,  and  if  they 
could  do  away  with  snb-stations  there  would  be  a  number  of  ub 
much  pleased;  but  [  have  been  considerably  disappointed,  both 
from  the  statements  made  here  and  lately  to  us  in  our  oflSce,  as 
to  the  probability  of  doing  away  with  sub-stations  on  the  ordi- 
nary interurban  road,  operating  under  the  conditions  which  gen- 
erally exist.  The  amount  of  power  now  taken,  both  average  and 
maximum,  and  at  starting,  is  very  considerable,  and  if  by  doing 
away  witli  sub-stations  we  must  not  only  increase  the  first  cost  of 
the  generating  machinery  but  also  of  the  line  work  and  of  the 
car  equipment,  it  is  not  improbable  that  the  present  system  is,  in 
most  cases,  the  better,  particularly  taken  in  connection  with  such 
matters  as  bein^  able  to  operate  at  variable  speed  and  over  exist- 
ing trolley  roads,  etc. 

The  following  figures  taken  from  car  measurements  recently 
made  by  assistants  in  our  office  may  be  of  interest.  They  are  the 
results  of  measurements  of  500  miles  of  run  over  four  roads,  each 
of  which  has  cars  of  approximately  the  same  size  and  weight,  with 
four  50  h.  p.  motors,  the  difference  being  mainly  in  the  gearing, 
maximum  and  schedule  speeds,  number  of  stops  per  mile  and 
grades  of  road. 

Road  No.  1  —High  schedule  and  maximum  speeds,  level  road. 
"     No.  2-7-Medium  schedule  speed,  level  road. 
*'     No.  3 — Medium  schedule  speed,  considerable  grades  and 
curves. 
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Boad  No.  4 — Medium    schedule    speed,    heavy    grades    aod 
curves. 
Schedule  speed  is  exclusive  of  lay-over  at  end.     Eunning 
speed  is  speed  when  in  motion.     K.  W.  is  at  the  car. 


SPEED. 

Avcra^je 

k.  w.  per  mile. 

Average  k.w. 

stops  per 
mile  m 
country. 

Schedule. 

Max. 

Runniar. 

In  country 
9.88 

In  city. 

In  country 

In  city. 

No.  1- 

a6.a 

55 

41 

.85 

2. 1 1 

73-3 

21.1 

No.  2- 

20.5 

43 

39 

1.41 

'.85 

a.97 

56.8 

21.6 

No.  3 —         ao.4 

39 

25 

.70 

2.>8 

3.36» 

48.5 

26.5 

No.  4—          20.6 

47 

»4 

.5^ 

2.18 

2.3a 

47.8       1       »3-4 

*Unu!»uul  load  and  stops. 

Spicial  Notbs— Max.  C— 400  amp.  on  No.  i--5tarcing,  and  No.  3  accelerating  on  grade- 
Max,  grade  on  No.  3—12  per  cent,  about  %  mile,  and  taking  15.7  k.  w.  per  car  mile. 

One  of  these  roads  is  the  one  already  mentioned  where,  on  a 
single  track,  two  schedules  are  simultaneously  maintained;  i.  e.^ 
in  addition  to  the  regular  schedule,  the  cars  of  which  stop  at  all 
towns  and  villag:e8  and  a  number  of  stops  in  the  country,  throusrh 
cars  are  also  operated^  stopping  at  only  one  point  between  termi- 
nal points  and  not  stopping  at  all  in  the  country. 

Relative  to  locating  sub-stations,  when  designing  a  new  road  on 
which  traffic  has  not  been  developed,  we  are  confronted  with  the 
fact  that  the  fewer  the  number  of  cars — in  other  words,  the 
greater  the  headway — the  more  economical  it  is  to  have  the  sub- 
stations  a  considerable  distance  apart,  it  being  cheaper  to  pay  in- 
terest on  additional  feed  wire  rather  than  to  install  numerous 
sub-stations ;  but,  as  the  traffic  increa-^es,  it  is  preferable  to  have 
more  sub  stations;  therefore,  how  much  to  discount  the  future  is 
a  serious  question.  It  is,  of  course,  practicable  to  change  the  lo- 
cation of  sub-stations,  but  it  is  quite  an  expense,  particularly  if 
storage  batteries  be  used. 

The  designer  of  electric  roads  is  dependent  upon  the  manu- 
facturer as  to  what  machinery  he  can  obtain  to  accomplish  the 
desired  results.  It  is  not  so  much  a  question  as  to  how  the  re- 
sults are  obtained,  as  to  the  certainty  of  the  first  cost  and  cost  of 
operation,  and  whether  the  details  have  been  so  thoroughly 
worked  out  and  proved  in  practice,  tliat  they  will  not  only 
operate  with  the  guaranteed  efficiency,  but  also  with  reliability. 

Mr.  Mailloux: — Mr.  President,  the  remarks  which  have  been 
made  since  I  spoke  show  the  importance  of  one  qualifying  his 
statements  and  referring  somewhat  to  conditions,  since,  as  I 
pointed  out  in  a  previous  discussion,  one  cannot  rightly  compare 
things  under  different  conditions.  It  is,  perhaps,  necessary  for 
me  to   state  that  wliat  I  referred  to   by  the   expression  ''  high 
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«peeil"  was  not  the  extremely  high  speeds  which  Prof.  Gillon 
adverted  to,  namely  tliose  of  100  to  150  miles  per  hoar,  nor  yet 
was  it  the  speeds  which  are  usually  referred  to  and  meant  by 
^*  high  speeds "  in  interurban  or  suburban  work.  I  referred  to 
speeds  which  are  called  high  because  they  seem  high  by  compari- 
8on  with  existing  speeds.  1  mean  the  speeds  of  rapid  transit 
service  on  interurban  and  suburban  lines,  that  would  reach  as 
high  as  45  to  50  miles  per  hour,  schedule  time.  These  would 
necessitate  a  maximum  car  speed  of  somewhere  between  60  and 
80  miles,  according  to  the  condition  of  the  road,  (the  curves, 
grades,  etc.). 

I  do  not  wish  to  be  understood  as  stating  that  I  have  lost  en- 
tire faith  in  the  alternating  current  motor,  or  that  I  have  lost  all 
hope  of  its  fulfilling  the  mission  to  which  Mr.  Arnold  looks  for- 
ward with  so  much  hope  and  confidence.  I  wish  to  state  that, 
in  many  respects,  I  still  regard  it  as  the  ideal  system,  and  that  1 
would  be  pleased  extremely  to  have  it  shown  to  me  to  be  feasible 
for  cases  of  the  character  1  have  reference  to. 

Now,  if  you  again  look  at  the  instructive  diagram  on  page  468, 
you  will  see  that,  from  the  nature  of  the  two  curves,  the  point  at 
which  the  two  distance  curves  will  come  together  would  be 
somewhere  between  60  and  80  seconds;  in  other  words,  nearly 
or  only  at  the  end  of  the  run ;  because  they  would  cross  only 
when  the  area  included  between  the  two  rising  parts  of  the 
curve  was  equalled  by  the  area  of  the  upper  portions  of  the 
curve ;  and  that  point  you  can  see  readily  must  be  somewhere 
beyond  60  or  70  seconds.  I  submit  that,  in  most  cases  in  which 
high  speed  traction  is  of  interest  to  us,  we  must,  inside  of  70 
seconds,  have  reached  the  maximum  speed  at  which  we  are  to 
run,  and  in  many  cases  we  have  already  reached  a  speed  at  which 
we  are  obliged  to  turn  off  the.  current;  and  we  readily  see  that 
the  shorter  the  run  the  earlier  is  the  time  at  which  we  must  shut 
off  the  current.  Now,  if  we  wish  to  cover  a  certain  distance  in 
a  very  short  time,  it  is  absolutely  necessary  that  we  should  reach 
the  top  speed  in  the  shortest  time  possible.  In  other  words,  the 
co-eflicient  of  rise  in  the  acceleration  curve  {i.  e,.  the  gain  in  speed 
per  second)  must  be  very  high.  Now,  we  would  doubtless  find, 
b}'  comparing "  the  two  integral  curves  at  a  point  somewhere 
about  40  seconds  from  the  start,  that  the  alternating  current 
motor  would  be  several  seconds  behind  the  other  for  the  same 
distance.  This  means  that  every  time  we  start  to  go  up  to  a 
certain  speed  we  are  losing  a  certain  number  of  seconds — 5,  10, 
15,  or  whatever  the  difference  is  between  the  two  integral  curves 
for  the  same  distance.  Now,  it  is  a  question  whether  the  condi- 
tions of  service  are  such  that  one  can  afford  to  los6  those  seconds. 
One  can  afford  to  lose  them  in  a  case  where  the  schedule  speed 
is  not  too  high ;  but  where  everything  counts,  where  it  is  abso- 
lutely necessary  to  save  every  second  in  order  to  cover  the  dis- 
tance and  give  the  people  who  are  to  patronize  the  road  a  service 
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of  snch  rapidity  and  regularity  that  it  will  be  attractive  to  them 
— under  tnose  conditions  the  alternatinfr  current  motor  is  ^^  ont 
of  the  running."  The  higher  the  schedule  speed  at  which  the 
comparison  is  made,  the  more  hopeless  is  the  case  of  the  a.  c 
motor. 

In  closing,  I  would  state  for  the  information  of  Prof.  Gillon, 
that  the  motors  to  which  I  referred  as  giving  a  very  large  start- 
ing torque  are  not  of  special  construction  bnt  are  of  regular  stand- 
ard manufacture.  It  is  not  unnsual  to  see  a  motor,  say  of  about 
100  or  150  h.p.  geared  for  30,  40  or  50  miles,  giving  a  traction  of 
between  2,000  and  4,000  pounds,  while  the  running  traction  at 
full  speed  would  be  sometning  between  300  and  600;  and  we  can 
see,  as  the  curves  of  tractive  effort  which  are  published  by  the 
manufacturers  for  these  various  motors  readily  show,  that  it  is 
possible  to  obtain  a  very  large  starting  torque.  The  curves  of 
acceleration  built  from  these  data  are  usually  such  as  to  enable 
one  to  obtain  acceleration  at  a  much  higher  rate  than  is  deemed 
safe  and  practicable.  It  is  perfectly  practicable  to  obtain  esti- 
mates, that  is  80  far  as  motors  are  concerned,  for  200  pounds  per 
ton,  net,  while  it  is  scarcely  wise  to  do  it,  a  lower  figure  bemg 
usually  quite  suflScient  for  most  purposes.  But  I  have  not  heard 
of  any  case  yet  where  an  alternating  current  motor  can  show  a 
rate  of  rise,  that  is  a  rate  of  acceleration  which  is  at  all  compar- 
able. (The  acceleration  curve  for  the  a.  c.  motor  in  Fig.  2  indi- 
cates a  net  pull  of  only  about  half  this  amount). 

Mb.  SriLLWELL  : — Mr.  President,  I  have  listened  with  a  great 
deal  of  interest  to  the  discussion  of  Mr.  Berg's  paper,  and  to 
the  concluding  paragraphs  of  the  paper  itself.  I  am  sorry  I  was 
not  herein  time  to  hear  Mr.  Armstrong's  paper,  but  I  shall  read 
that  also  with  much  interest.  The  subject  is  certainly  a  very  timely 
one  at  present.  We  are  putting  in  railways  in  the  cities  and 
throughout  the  country,  using  the  direct  current,  we  are  extend- 
ing cross  country  lines  considerable  distances,  but  we  have  been 
going  ahead  on  the  old  lines  of  established  practice,  and  I  am 
disposed  to  think  that  we  have  not  sufficiently,  in  the  last  three 
or  four  ^ears  at  least,  studied  the  possibilities  of  the  alternating 
current  in  traction  work.  I  think  Mr.  Berg's  paper  adds  valua- 
ble information  upon  this  verv  pertinent  subject.  It  seems  to 
me,  in  a  subject  so  broad  as  this,  it  is  rather  unprofitable  to  dis- 
cuss it  in  a  sort  of  general  way.  There  are  so  many  kinds  of 
traction.  It  focuses  ideas  if  you  consider  one  of  the  several 
kinds  of  traction  or  of  apparatus  at  a  time.  The  problem  of  in- 
terurban  traffic  is  a  very  different  thing  from  the  problem  of 
traffic  in  a  large  citv,  running  with  four,  five  or  six  car  trains,  on 
one  minute  headway,  and  it  is  also  a  different  problem  from 
ordinary  street  railway  practice.  As  has  been  stated,  the  direct 
current  motor  has  worked  out  very  well  in  street  railway  prac- 
tice, and  probably  it  will  permanently  survive  in  that  fields 
When  you  come  to  apply  it  to  a  road  50  miles  long  the  condi- 
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tions  are  different,  and  we  certainly  ought  to  investigate  the 
possibilities  of  the  polyphase  alternating  current.  My  feeling 
18  that  on  interurban  roads,  where  the  stops  are  not  frequent, 
where  the  speed  must  be  high,  the  alternating  current  motor 
has  a  field  that  it  will  one  day  occupy.  To  my  mind,  one 
of  the  great  objections  to  using  a  power  plant  with  sub-sta- 
tions to  supply  direct  current  to  a  trolley  or  third-rail  has 
not  been  stated,  and  that  objection  is  the  old  one  of  the 
attendance.  You  are  depending  upon  three,  or  four,  or  five 
points  of  supply,  and  at  each  of  those  points  you  must  have  at- 
tendants upon  whose  intelligence  ana  vigilance  you  are  com- 
pelled to  rely  for  a  supply  of  power.  iNow,  if  we  could  sub- 
stitute an  alternating  current  system  with  alternating  feed- 
ers from  one  central  source  of  supply,  we  could  concentrate 
our  skill  at  that  one  point  with  better  results.  There  is  another 
limitation  of  the  sub-station  plan  which  comes  up  very  forcibly 
in  large  railway  work  in  cities,  and  that  is,  in  this  fact,  that  you 
are  compelled,  if  you  have  half  a  dozen  sub-stations,  to  have  a 
reserve  of  machinery  in  each  of  those  sub-stations.  The  result 
is  your  investment  in  transforming  machinery  is  out  of  propor- 
tion to  the  investment  in  generating  machinery.  I  have  in  mind 
a  specific  case  which  1  have  had  occasion  to  figure  upon  in  this 
respect,  that  of  the  Manhattan  Railway  Company  of  New  York, 
where  the  installation  will  consist  of  seven  5,000  k.  w.  alternators 
to  take  care  of  the  maximum  load,  and  one  for  reserve.  When 
you  come  to  the  sub-stations,  with  seven  sub-stations  the  equii>- 
ment  will  consist  of  twenty-six  1,500  k.  w.  converters,  with  seven 
additional  for  reserve.  Now,  that  figures  out  a  total  of  40,000 
k.  w.  capacity  installed  in  the  power  plant,  and  49,500  in  the 
sub-stations. 

With  regard  to  acceleration,  it  is  unquestionably  desirable  in 
the  elevated  or  underground  service  of  large  cities  to  use  high 
acceleration.  This  is  practically  imperative  in  order  to  secure 
maximum  speed,  and  con8e(juently  maximum  passenger  carrying 
capacity;  but  there  are  limitations  as  regards  practical  acceler- 
ation, especially  when  the  power  is  supplied  through  sub-stations, 
in  which  case  the  fluctuating  overloads  upon  sub-station  appar- 
atus must  be  considered.  These  fiuctuating  overloads  from  a 
large  number  of  machines  tend  to  equalize  themselves  at  the 
power  house,  so  that  the  fiuctuation  there  is  perhaps  only  20  per 
cent,  above  normal,  but  in  the  sub-stations  the  fluctuations  are 
relatively  much  greater. 

I  have  calculated  some  cases  of  eight  car  express  trains,  run- 
ning on  two  minutes  headway,  where  it  would  seem  that  the  in- 
crease of  load  on  rotary  converters  in  a  sub  station  may  amount 
to  as  much  as  10,Q00  h.  p.  in  three  seconds;  now,  that  is  rolling 
mill  practice.  Could  we  use  alternating  current  motors  for 
traction,  eliminating  the  substations,  we  should  avoid  this  difii- 
culty,  which  is  a  serious  one  in  the  case  of  the  converter  system, 
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but  alternating  current  for  traction  purposes  must  be  worked  out 
first  under  the  conditions  to  which  it  is  best  adapted,  i.  e.^  cross 
country  work,  and  I  very  much  hope  that  the  experiments 
recently  undertaken  in  Germany  will  throw  light  upon  this  very 
interesting  subject. 

There  is  a  sutficient  reason  why  no  very  strong  effort  to  use 
alternating  current  motors  in  the  rapid  transit  service  of  large 
cities  has  been  mad*»  recently  in  America,  and  this  reason  is 
obvious  if  we  consider  what  would  be  accomplished  practically 
upon  the  assumption  that  the  alternating  current  motor  could  be 
developed  8ati^factorily  for  this  kind  of  work. 

The  operating  expenses  of  elevated  railways  in  America  vary 
between  extremely  wide  limits,  but  it  is  safe  to  say  that  the  aver- 
age result  is  not  better  than  60  per  cent,  of  the  gross  receipts. 
The  power  hill  is  about  30  per  cent,  of  the  operating  expenses, 
or  18  per  cent,  of  the  gross  receipts.  If  we  use  the  rotary  con- 
verter sub  station  plan  on  a  large  scale,  it  is  not  difficult  to  get 
an  efficiency  of  at  least  80  percent,  from  engine  to  motor.  Now, 
suppose  it  were  possible  to  eliminate  the  rotary  converters,  distri- 
bute at  11,000  volts  from  a  central  power  house  to  a  few  sub-sta- 
tione,  there  reduce  the  potential  to,  say,  8,000  volts, and  then  oper- 
ate your  motors  at  3,000  volts.  With  efficiency  equal  to  that  of 
direct  current  motors,  yon  might  possibly  raise  your  system  from 
engine  to  motor  to  something  like  a  niaximum  of  90  per  cent. 
This  is  hardly  probable,  but  assuii  ing  that  it  could  be  realized, 
your  gain  would  simply  amount  to  a  reduction  in  your  operating 
expenses  equivalent  to  two  per  cent,  of  your  income.  This 
result  is  not  a  sufficient  stake  to  jnstif}'  an  experiment  on  a  largo 
scale. 

In  my  opinion,  also,  the  risk  attendant  upon  the  use  of  3,000 
volts  for  traction  purposes  in  cities,  except  possibly  in  a  tunnel,  is 
far  more  than  offset  by  any  gain  in  efficiency  that  can  be  expected 
to  result  by  using  alternating  current  motors.  The  advantage  of 
a  polyphase  motor  system  that  strikes  one  at  first  thought,  is  the 
large  reduction  in  plant  investment,  but  when  you  calculate  the 
saving  in  operating  expenses  which  would  result, could  all  claims 
for  the  alternating  current  be  realized,  it  seems  to  me  evident 
that  the  rotary  converter  system  with  direct  current  motors,  as 
it  stands  to-day,  is  the  only  practical  one  for  rapid  transit  service 
in  large  cities,  and  that  the  things  promised  by  the  other  system 
are  not  controlling  by  any  means. 

Mr.  Arnold: — I  think  I  stated,  Mr.  President,  when  I  spoke 
before,  that,  as  an  engineer,  I  probably  would  not  advise  others  to 
do  what  I  believe  I  would  do  myself,  if  I  were  free  to  act,  by 
being  financially  responsible  for  my  results.  Therefore,  Mr, 
Stiilwell's  conclusions  as  to  what  an  engineer  should  do,  if  com- 
pelled to  act,  at  the  present  time  are  very  sound,  in  my  judg- 
ment. That  does  not  modify  my  opinion,  tbough,  as"  to  what 
the  future  will  be.     My  friend,  Mr.  Mailloux  here,  was  as  thor- 
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oughlj  magnetized,  as  he  puts  it,  at  one  time,  on  the  subject  as  I 
am,  and  came  back  from  Europe  all  right.  He  seems,  however, 
to  have  listened  to  the  siren  voices  ot  some  of  my  friends,  and 
become  so  enamoured  of  those  curves  of  his  that  he  has  become 
partly  reconverted,  and  has  rotated  to  the  direct  current.  I 
think,  however,  that  he  must  repent  as  time  goes  on.  I  also 
admit  that,  for  city  work,  our  present  street  car  system  for  short 
distances,  and  the  rotary  converter  sub-station  scheme  for  long 
distances,  are  all  right  up  to  the  present  time.  I  think  the  con- 
clusion of  Mr.  Stillwell  is,  that  it  is  the  best  up  to  date.  I  agree 
that  this  is  the  safest  position  to  take.  I  do  not  believe,  now- 
ever,  that  for  long  distance  roads  the  present  plans  arc  going 
to  hold.  It  has  been  stated  recently  by  a  prominent  railway 
official  that  he  can  pull  freight  cheaper  by  electricity  than  by 
steam,  and  he  has  been  operating  an  electric  freight  road  and 

Eassenger  road  for  some  Ave  yeai-s.  I  am  very  inucli  gratified  to 
ave  that  statement  made,  and  by  so  good  an  authority.  If  that 
statement  is  true  (1  confess  that  it  comes  as  a  surprise  to  me),  we 
are  going  to  pull  a  good  deal  of  freight  and  a  good  many  passenger 
trains  by  electricity,  and,  when  that  time  comes,  I  believe  we  will 
pull  them  with  alternating  current  motors.  These  curves  of  Mr. 
Mailloux  do  not  worry  me  as  much  as  they  once  did ;  I  have 
probably  seen  hundreds  of  such  curves,  had  them  made  in  my 
own  office,  and  watched  the  peaks  on  them,  much  to  my  dismay, 
go  too  high  for  comfort,  and  have  tried  many  ways  for  over- 
coming the  difficulty  caused  by  them.  I  do  not  say  how  this 
will  be  done;  I  only  say  it  must  and  will  be  done,  by  the  engi- 
neers of  some  country,  and  I  do  not  like  to  see  the  electrical 
engineers  of  this  country  lie  down  and  admit  that  the  best  thing 
on  earth  for  railway  work  is  the  direct  current,  and  that  we, 
therefore,  have  perfection.^ 

Mr. E.  P.  Roberts: — Mr.  Stillwell  mentions  the  attendance  in 
sub-stations.  I  would  state  that  in  a  recent  preliminary  investi- 
gation, relative  to  a  considerable  length  of  road,  we  divided  the 
estimate  into  two  parts  : 

1st — The  cost  of  producing  power  at  the  switchboard  in  the 
power  house,  and 

2d-  -The  cost  of  transmission  from  such  point  to  the  d.  c. 
feeder  switchboards  in  the  sub-stations,  including  first  cost,  de- 
preciation and  repairs,  and  interest,  and  adding  also,  for  certain 
reasons,  the  capitalization  of  the  salaries  in  the  sub-stations.  Our 
transportation  charges  were,  if  I  recollect  correctly,  something 
more  than  50  per  cent,  greater  than  the  cost  of  producing 
energy.  I  would  add,  however,  that  the  source  of  power  was  a 
very  cheap  one.  Of  course,  if  we  could  have  estimated  on  static 
transformers  instead  of  sub  stations,  the  cost  of  transportation  of 
energy  would  be  very  much  reduced. 

1  See  page  666  for  communication  made  after  adjournment. 
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Mr.  Stillwell  also  mentioned  excessive  momentarj  loads  in 
sob-statioDB.  We  have  a  case  where  three  cars  operating  at  high 
speed  give  fluctuations  at  the  d.  c.  switchboard  of  from  0  to 
1,000  amperes,  sometimes  exceeding  the  latter  amount.  Where 
there  are  such  tremendous  fluctuations,  the  question  of  the  instal- 
lation of  storage  batteries  should  receive  careful  consideration. 

President  Steinmetz  : — The  opinion  expressed  by  Mr.  Still- 
will,  I  have  heard  a  number  of  times,  that  the  three-phase  induc- 
tion railway  system  would  offer  over  the  direct  current  the  ad- 
vantage of  a  higher  transmission  efliciency,  and  with  less  reserve 
apparatus  and  less  operating  expense ;  but,  more  than  that,  I  not 
only  had  that  opinion,  but  carried  it  out  in  practice  by  building 
such  an  equipment — that  was  in  1894,  seven  years  ago — and  had 
a  very  large  number  of  experiments  carried  out  with  it.  Mr. 
Armstrong,  who  has  read  the  paper,  has  been  in  charge  of  this 
general  investigation  and  experiment.  Since  that  time  we  have 
gone  over  and  over  these  things  again,  with  another  equipment, 
and  another  equipment,  and  were  willing  even  to  go  to  the  risk 
of  installing,  without  any  commercial  profit,  and  merely  to  estab- 
lish the  practical  experience  in  commercial  Of)eration,  the  ap- 
paratus for  a  three-phase  railway  system,  not  a  very  large  in- 
stallation, but  an  inatallation  of  moderate  size,  where  the  loss,  in 
case  of  its  inferiority  to  the  continuous  current  system,  would  not 
be  considered  so  serious,  liut  upon  more  careful  investi^tion 
my  opinion  always  was  reversed,  and  I  came  to  the  conclusion 
that  tne  transmission  efliciency  of  the  three-phase  system  is  lower 
than  that  of  the  continuous  current,  for  the  reason  that  the 
efliciency  of  the  induction  motor  in  service  conditions  is  so  very 
much  lower  than  that  of  the  continuous  current  series  motor, 
that  the  loss  in  the  motor  more  than  makes  up  fur  the  lesser  loss 
in  the  transmission  line  and  for  the  continuous  loss  in  the  con- 
verter. 

Then  there  is  another  question  that  has  been  spoken  of,  the 
enormous  fluctuations  of  load  in  the  sub  stations.  Now,  if  you 
go  to  the  three-phase  induction  motor  these  fluctuatons  of  load 
are  very  much  larger,  much  more  intensified,  because  these 
fluctuations  are  due  to  starting  at  excessive  torque,  and  the  torque 
increases  with  the  current  at  a  much  faster  rate  with  a  continuous 
current  series  motor  than  with  the  induction  motor,  so  that  by 
using  the  three-phase  motor  and  getting  rid  of  the  converter  the 
fluctuations  are  very  greatly  intensified.  If  you  could  get  rid  of 
the  static  transformer  and  use  only  the  converter,  then  it  would 
be  all  right,  bi^cause  the  converter  is  the  piece  of  apparatus  which 
is  least  affected  by  these  fluctuations.  It  will  run  all  right  if  the 
load  varies  lOO  or  150  per  cent,  of  a  full  load.  Of  all  electric  ap- 
paratus, the  stationary  transformer  is  that  which  stands  overloads 
the  least.  The  objection  to  overloads,  temporary  overloads,  is 
the  heating  of  the  apparatus.  Now,  if  you  take  the  loss  curve  ojf 
electric  apparatus,  the  increase  of  loss  with  the  output,  you  will 
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find  that  in  the  stationary  transformer  it  rises  at  a  very  much 
greater  rate  than  in  either  the  converter  or  the  continuous  cur- 
rent generator,  or  the  alternating  current  generator,  or  the  syn- 
chronous motor.  Only  in  the  induction  motor  does  it  rise  just 
as  fast.  So  that  you  see,  the  weakest  link  in  the  present  system 
is  not  the  converter  but  the  transformer. 

As  regards  reserve  machinery,  the  elimination  of  the  con- 
verter in  very  many  cases  causes  a  very  much  greater  reserve 
<5apacity,  and  not  only  reserve  capacity,  but  reserve  capacity  con- 
tinuously in  circuit,  in  the  form  of  stationary  transformers. 
In  such  a  transformer  system,  to  get  fair  operation,  a  very  small 
line  loss  is  essential,  so  that  the  voltage  does  not  drop  much,  even 
with  the  excessive  starting  current  of  the  motor.  Since  the  mo- 
tor torque  varies  with  the  square  of  the  current,  to  get,  with  a 
considerable  drop  in  the  lines,  a  sufficient  margin  of  starting 
torque,  such  an  excessive  overload  capacity  of  the  motor  has  to 
be  provided,  that  under  normal  running  the  motor  is  vastly  un- 
derloaded, and  therefore  its  efficiency  and  power  factor  almost 
evanescent  in  service  conditions.  To  avoid  this,  transformers 
have  to  be  located  at  frequent  intervals,  which  means,  that  fre- 
quently the  total  transformer  capacity  in  such  a  system  is  two  or 
three  times  the  generator  capacity,  more  or  less.  In  this  case,  as 
in  most  others,  there  are  certain  conditions  for  which  one  appar- 
atus is  suitable,  certain  conditions  for  which  the  other  is  suitable; 
but  the  hia:her  efficiency  of  the  series  motor  system  is  brought 
out  by  numerical  investigation  in  almost  every  case.  And  then 
there  is  the  question  of  attendance.  That  may  appear  serious  for 
the  first  moment,  but  the  rotary  converter  has  been  developed  to 
jBuch  an  extent  that  it  requires  extremely  little  attention.  It  re- 
ijuires  some  attention.  You  have  to  look  at  it  onxje  a  day,  or 
every  few  days ;  but  you  must  consider  that  on  these  roads  you 
must  have  stations  and  ticket  agents,  and  you  must  Jiave  prob- 
ably, where  the  speed  is  very  high,  a  block  system,  and  the  men 
employed  there  may,  every  day  or  so,  look  at  the  converter 
and  see  whether  it  has  oil  in  the  bearings,  etc.;  so,  as  a  rule,  there 
is  no  additional  charge  for  attendance  on  the  rotary  converters. 
!Now,  all  that  depends  on  the  circumstances  of  the  individual  case. 
I  may  add  to  Mr.  Arnold's  reniarks,  that  this  particular  instance 
mentioned  in  Mr.  Berg's  paper,  which  he  criticised,  I  believe  is 
taken  from  an  actual  proposal,  and  a  proposal  in  which  the  three- 
phase  and  the  continuous  current  systems  came  into  fierce  actual 
competition. 

Mb.  Arnold  : — I  want  to  ask  one  question  of  President  Stein- 
metz.  I  think  I  know  the  case.  Why  was  the  alternating  bid 
half  a  million  dollars  less  than  the  direct  current? 

President  Stbinmbtz: — Well,  I  don't  know  why  it  was. 
£ut,  yon  see,  sometimes  something  new — any  new  apparatus, 
as  a  rule,  is  very  much  more  expensive  than  an  old  one ;  but 
sometimes   it  is  offered   very  much  cheaper,     because  people 
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do  not  always  realize  what  they  are  rnnning  into ;  and  while 
they  make  allowances  for  all  sorts  of  things,  they  may  ander- 
estimate  the  allowances.  I  know  of  instances  of  that  kind.  I 
have  been  .canght  that  way  myself  by  making  an  allowance  of 
100  per  cent,  and  linding  I  onght  to  have  allowed  500  per  cent* 

I  would  like  to  hear  from  some  of  our  English  cousins,  who 
come  from  a  country  where  the  question  of  the  relative  merits  of 
the  alternating  and  continuous  current  in  railway  service  haa 
been  brought  to  general  attention.  I  hoped  to  hear  from  them 
before  in  this  discussion,  and  we  should  like  to  hear  from  them 
now. 

Mr.  a.  H.  PoTT:-Mr.  President  and  Gentlemen:  I  am  sorry  that 
although  I  come  from  a  country  in  which  this  question  has 
been  debated  very  hotly  of  late,  I  can  add  nothing  to  the 
discussion  of  any  value.  We  at  present  are  looking  into  the 
question,  both  on  the  continent,  in  Germany,  Austria  and  on 
tliis  side,  to  see  what  we  can  learn.  At  present,  so  far  as  I 
can  make  out,  there  are  such  diverse  opinions  on  both  sides 
of  the  water  as  to  the  merits  of  this  system  that  I  think  the 
best  we  can  do  is  to  shut  our  mouths  until  we  lind  from  actual 
practice  which  is  the  right  solution.  The  Italian  railway,  I 
understand,  started  yesterday,  or  a  few  days  ago,  and  perhapa 
that  will  give  us  some  information.  But,  of  course,  there  is 
a  very  strong  feeling  at  present  in  England  that  we  want 
something  which,  for  large  schemep,  is  at  least  cheaper  and 
more  elastic  than  the  present  systems.  I  can  only  say  that  of 
the  bids  which  were  made  in  connection  with  what  1  suppose 
is  in  the  minds  of  all — our  underground  railway — the  bid  waa 
very  much  lower  for  the  alternating  system  than  any  other, 
1  mean  not  just  low  enough  to  show  a  slight  difference,  but 
enough  to  catch  the  eye  of  any  engineer.  That  being  so,  it 
was  only  right  to  look  into  the  matter  very  carefully.  I  had 
hoped  to  8ee  a  very  satisfactory  demonstration  of  the  high 
tension  alternating  system,  butl  regret  to  say  the  iinancial  condi- 
tions of  the  line  have  led  to  the  railway  passing  into  other  hands, 
and  I  am  afraid  we  shall  see  it  done  by  one  of  the  existing 
methods  after  all. 

Mr.  Scott: — Mr.  President,  in  the  very  interesting  and  able 
papers  which  we  have  heard,  we  have,  1  presume,  not  merely 
the  opinion  of  the  individual  writers,  but  rather  the  concensus  of 
opinion  of  their  colleagues.  They  have  had  the  facilities  of  a 
large  manufacturing  company,  and,  as  Mr.  ISteinmetz  has  just 
intimated,  the  effortjs  and  experiments  of  a  large  company  for 
several  years  in  this  line,  and  it  is  presumably  the  digested  result 
of  this  work  extending  over  several  years  by  the  able  engineers 
of  a  large  company  which  we  have  in  these  papers.  It  detracts 
nothing  from  these  papers,  and  would,  I  think,  only  add  to  them 
to  say  tlidt  it  also  confirms  the  conclusions  of  other  engineers 
who  have  been  working  along  the  same  lines.     In  fact,  withia 
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the  last  few  months  I  have  prepared  a  statement  somewhat  on 
the  line  of  these  papers,  and  at  one  time  contemplated  working 
it  np  for  this  very  meeting,  bnt,  very  fortunately,  I  have  been 
saved  the  trouble,  as  my  contribution  would  probably  have  added 
but  little  to  what  lias  already  been  presented.  The  conclusions 
which,  in  connection  with  my  colleagues  of  the  Westinghouse 
company,  I  have  arrived  at,  after  having  this  subject  pretty 
closely  in  mind  for  a  number  of  years,  are  similar  to  those 
whicK  have  been  stated  in  the  papers  which  have  been  read. 
Not  only  as  to  sreneral  conclusions,  but  in  particular.  We, 
too,  have  been  figuring  on  some  special  cases,  and  some  fig- 
ures have  been  given  which  I  recognize  as  very  similar  to 
those  which  we  have  had  under  consideration.  Mr.  Berg's 
paper  takes  a  specific  case  and  states  the  premises,  the  methods 
and  the  conclusions.  One  of  his  conclusions  is  that  the  alter- 
nating current  motor  running  in  concatenation  would  take  26 
per  cent,  more  energy  than  the  direct  current  motor.  I  happen 
to  remember  a  corresponding  figure,  which  was  24  per  cent. 
The  increase  of  generating  capacity  (neglecting  reserve)  which 
Mr.  Berg  finds  for  the  alternating,  is  about  66  per  cent,  in  the 
generator  and  about  20  per  cent,  in  the  engine.  Those  figures 
are  within  a  few  per  cent.  (I  do  not  recall  the  exact  per  cent, 
now)  of  the  conclusions  which  we  reached.  This  bears  also  upon 
another  point  which  was  brought  np  a  moment  ago,  the  saving 
in  power  by  using  the  alternating  current  system.  The  saving 
in  engine  power  is  a  negative  saving,  amounting  to  about  20  per 
cent,  the  wrong  way,  if  our  conclusions  are  right  in  this  particu- 
lar case.  I  have  not  noticed  whether  in  this  paper  the  increased 
weight  of  the  alternating  motors  and  rheostats  was  taken  into 
consideration.     You  took  that  into  consideration  ? 

Mk.  Berg: — Fes.     I  think  about  65  cent. 

Mr.  IScott: — Braking  has  been  referred  to  in  the  paper  as 
giving  but  little  advantage  in  a  case  of  this  kind.  In  general 
statements  which  are  made  with  regard  to  the  advantage  of  em- 
ploying induction  motors,  it  is  stated  that  if  used  in  concatena- 
tion they  may  be  used  in  braking,  thus  saving  a  large  amount 
of  energy,  theoretically  50  per  cent  of  the  stored  energ)* — practi- 
cally something  less  than  that,  possibly  30  per  cent.  That  point  was 
investigated  quite  carefully.  It  was  found  that  if  the  motors  are 
used  for  braking,  they  must  naturally  be  worked  harder  and  be 
of  larger  size.  The  consequent  increased  weight  would  very 
nearly  compensate  for  the  energy  which  might  be  returned. 
Moreover,  on  many  runs  it  is  feasible  to  rise  quickly  to  a  high . 
speed,  drift,  and  begin  working  at  a  low  speed,  and  in  that  way 
most  of  the  energy  which  is  stored  at  the  higher  speed  is  returned 
very  eflSciently  to  the  service  by  keeping  the  car  going  and  over- 
coming friction.  In  order  to  get  the  greatest  advantage  m  braking, 
it  is  necessary  to  begin  braking  at  the  highest  speed.  The  energy 
which  might  be  returned  to  the  line,  in   the  form    of  electric 
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power,  could,  therefore,  be  used  in  a  very  mach  better  way  by 
changing  the  conditions  a  little,  and  simply  using  it  for  over- 
coming friction  by  drifting.  The  electric  braking  cannot  be 
done  under  half  speed,  and  it  will  in  very  many  cases  be  possible 
to  drift  down  to  this  speed,  or  even  lower. 

The  concordant  results  of  the  two  large  manufacturing  com- 

Eanies  that  have  considered  this  matter  are  further  substantiated 
y  the  results  which  have  been  attained  by  consulting  engineers. 
Take  the  large  roads  in  New  York  City,  including  the  Manhat- 
tan elevated.  The  actual  result  there,  after  an  examination 
extending  over  years,  in  which  the  matter  was  fully  canvassed  by 
the  large  manufacturing  companies  and  by  the  Manhattan  EaiU 
way  Company,  led  to  the  use  of  the  direct  current  motors.  That, 
then,  seems  to  be  the  American  engineering  practice  for  this  par- 
ticular line  of  work.  Foreign  engineers  have  taken  the  lead  in 
a  somewhat  diflEerent  direction.  I  had  the  opportunity  -to  read 
over  the  abstract  of  a  report  which  had  been  made  within  the 
last  few  months  regarding  the  operation  of  a  large  road  which 
seems  to  be  in  the  minds  of  a  number  of  us,  and  while  I  will  not 
attempt  to  take  it  up  point  by  point,  there  are  one  or  two 
features  which  I  now  recall.  One  was  the  statement,  that  the  in- 
duction motor  is  superior  to  the  direct  current  motor,  because  it 
does  not  slow  down  on  grades.  It  keeps  the  speed  right  up 
grades,  and  therefore  serves  to  maintain  tne  schedule.  My  own 
way  of  looking  at  that  characteristic  of  the  motor  is  that  it  is 
susceptible  of  entirely  diflPerent  conclusions.  As  has  been  pointed 
out  in  the  paper  which  has  been  read,  if  we  go  up  grade  at  the 
same  speed  with  alternating  and  direct  current  motors,  then  on  a 
level  our  alternating  current  motor  is  limited  to  practically  the 
same  speed,  while  our  direct  current  motor  could  run  at  a  much 
higher  speed.  It  was  stated  in  this  report,  also,  that  the  weight 
or  cost  of  the  alternating  current  motor  was  practically  the  same. 
As  the  American  engineers  point  out,  however,  in  that  particu- 
lar case,  it  was  proposed  to  have  half  of  the  motors  on  the  train 
idle  above  half  speed,  thereby  certainly  adding  to  the  motor 
weight.  It  was  proposed  also  to  use  motors  in  braking.  We 
are  a  little  at  a  loss  here  to  see  just  what  kind  of  motors  are  pnt 
in  competition  with  direct  current  motors.  It  certainly  cannot 
be  the  kind  of  motor  which  has  been  contemplated  in  these 
papers  and  which  we  know  about  over  here.  In  that  same  re- 
port it  was  stated  that  a  large  number  of  alternating  roads  in 
Europe  were  in  operation,  the  bare  statement  going  without 
elaboration,  and  the  inference  could  readily  be  drawn  that  all 
these  were  of  the  same  class.  I  think  that  some  of  these  roads 
have  one  car  shuttling  back  and  forth,  and  others  have  cars  going 
up  mountains,  neither  of  which  situations  would  apply  to  a  city 
road.  While  it  may  be  hard  for  us  to  underetand  the  position 
of  the  foreign  engineer,  the  foreign  engineer  is  in  a  like  predica- 
ment in  regard  to  us.     He  is  in  difficulty  to  understand  just  our 
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position.  I  had  the  good  fortune  to  have  a  talk  on  this  subject 
with  one  of  onresteemed  foreign  visitors  a  few  days  ago.  After 
talking  a  little  while,  he  said  that  he  had  really  been  unable  to 
nnderstand  the  position  of  some  of  the  American  engineers.  He 
had  seen  these  alternating  current  roads  run,  and  tne  cars  start, 
and  start  quickly,  run  smoothly,  and  all  that  sort  of  thing,  and  yet 
when  he  nad  gotten  our  worthy  President  at  one  side  and  had  a 
talk  with  him,  why,  lie  really  seemed  to  throw  cold  water  on  the 
scheme,  and  the  water  seemed,  in  fact,  very  cold.  He  was  at  a 
loss  to  understand  why  this  was.  The  thing  itself  seemed  to  be 
all  right,  but  he  couldn't  understand  the  American  engineer.  He 
did  the  American  engineer  the  compliment  not  to  attribute  that 
lack  to  his  ability,  but  rather,  possibly,  to  his  integrity. 
He  thought  possibly  it  was  that,  being  in  connection  with 
a  manufacturing  concern,  the  commercial  department  of  that  con- 
cern repressed  the  idea,  and  it  was  better  policy  to  use  the  direct 
current  and  not  make  new  patterns.  1  refer  to  that  for  one  or 
two  reasons.  The  first  thing  I  did  in  reply  was  to  resent  imme- 
diately that  position:  that  opinions  given  as  engineering  opinions 
by  a  distinguished  engineer  of  a  manufacturing  company  would 
be  so  distorted  and  controlled  by  the  other  departments  of  his 
company.  We  hold  a  reputation  as  engineers  which  we  want 
duly  respected.  In  the  second  place,  I  think  that  he  is 
entirely  mistaken  in  assuming  that  the  commercial  depart- 
ments or  the  management  of  the  larger  companies  want  the 
alternating  system  repressed.  I  think  they  have  put  it  up  to  the 
engineers  pretty  emphatically,  and  that  it  is  the  engineers,  through 
the  results  of  their  tests  and  investigations,  that  have  retarded 
the  work  rather  than  the  opposite.  If  all  this  be  true  then  we  have 
a  pretty  good  consensus  of  American  engineering  opinion  and  prac- 
tice here,  where  we  have  been  noted  for  our  advanced  stand  in  rail- 
way work  in  other  lines,  where  it  was  to  be  ex  pected  we  would  know 
what  is  what,  and  what  is  best,  and  be  looking  out  for  the  best; 
and  the  general  results  should  be  a  pretty  weighty  argument  with 
those  who  are  taking  up  the  subject;  It  is  true  there  is  now,  and 
there  always  has  been,  a  sort  of  feeling  that  electricity  is  won- 
derful, and  the  alternating  current  is  magic.  If  you  can't  do  it 
any  other  way,  the  alternating  current  is  the  thing  that  has  got 
to  come  in  and  do  it  somehow.  The  lesson  of  the  last  few  days 
has  been  that  each  kind  of  apparatus  has  its  own  legitimate  field. 
There  are  extremes  in  conditions  where  one  thing  is  best  and  the 
other  will  not  do,  and  vice  versa.  A  few  days  ago  we  considered 
the  alternating  current  motor  and  the  direct  current  motor;  a 
little  later,  the  induction  motor  and  the  synchronous  motor;  and 
to-day,  the  induction  motor  for  railway  work  and  the  direct  cur- 
rent for  railway  work.  Now,  no  one  statement  will  cover  the 
whole  ground.  There  are  extremes  in  which  each  has  its  own 
proper  place,  and  there  is  a  wide  middle  ground,  and  our  discus- 
sions seek  to  locate  the  dividing  line.     Where  is  the  dividing 
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line  ?  What  are  you  going  to  class  one  way,  and  what  the  other  ? 
Now,  in  treating  the  induction  motor  and  the  railway  motor,  it 
is  not  necessary  to  take  into  consideration  all  the  peculiarities  of 
alternating  apparatus.  It  is  really  not  a  comparison  so  much  be- 
tween the  alternating  and  the  direct  current  as  it  is  between  the 
two  types  of  working,  between  the  series  motor  and  the  shunt 
motor.  If  you  cannot  use  a  direct  current  shunt  motor  with  con- 
stant Held,  without  varying  its  field  strength,  in  any  particular 
case,  you  can  depend  pretty  surely  upon  it  that  the  induction 
motor  would  not  do  either.  The  paper  under  discussion  is  for- 
tunately quite  definite.  It  is  no  imaginary  and  vague  statement, 
but  conditions  are  definitely  laid  down,  and  the  conclusions 
drawn  are  with  respect  to  certain  definite  kinds  of  work ;  and, 
whatever  the  future  may  have  in  store,  I  myself  am  personally 
quite  convinced  that  the  conclusions  here  drawn  with  regard  to 
tne  inapplicability  of  the  induction  motor  to  this  class  of  work 
are  correctly  drawn. 

The  paper  will,  I  am  sure,  be  of  great  value  in  giving  the 
results  of  this  kind  of  work  and  showing  the  conditions  and  the 
characteristics  of  this  class  of  apparatus  to  many  of  our  engineer- 
ing friends  who  have  not  had  the  facilities  for  work  and  investi- 
gation in  this  line. 

Mb.  PoTr: — Mr.  President  and  gentlemen,  I  wish  to  make  a 

fersonal  explanation,  although  it  may  detain  you  a  few  minutes, 
think  that  the  English  cousin  referred  to  by  Mr.  Scott  was  my- 
self, and  I  should  be  extremely  sorry  if  any  American  engineer 
or  member  of  this  Institute  thought  that  I  had  in  any  way  said 
anything  that  was  in  the  slightest  degree  discourteous  to  your 
President.  It  was  quite  the  last  thing  1  should  have  said.  What 
I  meant  when  I  niade  those  remarks,  and  I  am  quite  prepared  to 
withdraw  it  if  it  is  explained  to  be  incorrect,  although  it  was  first 
put  into  my  head  by  one  of  your  own  members,  was  that  in  this 
country,  what  I  think  you  call  the  supply  business,  did  to  a  cer- 
tain extent  control  the  expressed  opinions  of  the  engineers ;  that 
is  to  say,  that  if  the  engineers  were  told  they  could  not  get  a 
thing,  that  was  sufficient;  for  the  present  they  could  not  get  it. 
But  I  had  no  intention  whatever  of  suggesting  that  any  remarks 
Mr.  Steinmetz  made  in  what  I  termed  throwing  cold  water  on 
the  three-phase  system,  had  any  reference  to  his  connection  with 
a  supply  company,  and  I  hope  that  this  is  quite  clear.  I  think 
you  will  excuse  my  saying  that  in  almost  any  country  manu- 
facturers are  always  apt  rather  to  "  gas "  on  things  which  they 
are  fully  prepared  to  supply  to  the  market  than  on  those  things 
which  they  are  not. 

President  Steinmrtz  : — Gentlemen,  regarding  the  last  state- 
ment, as  the  rule  the  tendency  with  large  companies  is  rather  the 
opposite,  and  justly  so.  While  it  may  be  very  nice  and  con- 
venient, especially  in  hard  times,  just  to  build  what  you  have 
built  before,  and  not  experiment,  at  the  same  time,  for  a  large 
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company,  the  most  serious  matter  is  to  be  left  behind,  and  it  is  of 
:first  importance,  then,  always  to  be  leading;  and  for  that  reason, 
if  there  is  any  new  method,  any  new  problem,  that  comes  up 
which  even  faintly  promises  to  offer  a  prospect  of  success,  it  is  just 
the  large  companies  that  are  willing  to  investigate  it  and  to  put 
all  their  energy  into  finding  out  exactly  what  there  is  in  it. 
Most  propositions,  however,  which  appear  very  encouraging  at 
first,  when  carefully  investigated  lose  their  promising  nature,  and 
then  very  naturally  the  one  who  made  the  proposition  is  very 
likely  to  think  that  it  is  only  conservatism  which  opposes  the  in- 
troduction of  new,  revolutionary  ideas;  whereas,  in  reality  it  is 
because  they  are  inferior  to  what  exists.  For  instance,  with  re- 
gard to  this  very  thing,  since  1894,  when  I  made  the  first  experi- 
ments, I  have  been  trying  to  install  a  three-phase  railway  system, 
and  I  have  enough  influence  with  the  company  with  which  I  am 
connected,  that  we  were  willing  to  give  it  free  of  profit,  at  cost 
price,  if  we  only  could  get  the  three-phase  railroad  installed  in 
commercial  service.  In  several  cases  we  almost  got  it,  but  always 
at  the  last  the  customer  concluded  after  carefully  investigating 
the  matter  and  consulting  with  us,  that  really  there  was  no  ex- 
cuse for  him  to  take  it,  even  at  cost  price,  and  so  we  have  not 
been  able  yet  to  build  any  three-phase  railroad,  except  one  which 
we  are  now  building  for  northern  Italy;  but  still,  as  has  been 
brought  out  in  our  discussion,  there  are  certain  conditions  of 
operation  which  are  suitable  for  the  three-phase  railroad,  and  I 
hope  to  live  long  enough  to  see  a  railroad  equi})ped  under  those 
conditions  with  three-phase  motors;  that  is,  a  railroad  of  some 
magnitude,  not  with  one  or  two  cars  climbing  a  mountain  or 
^hunting  to  and  fro,  but  a  real  railroad  system  installed  on  the 
three-phase  plan  under  conditions  which  are  eminently  suited  for 
three-phase,  and  more  suitable  for  three-phase  than  for  direct  cur- 
rent. 

Mr.  Stillwell: — Mr.  President,  just  a  word.  It  has  been 
pointed  out  that  in  my  remarks  a  while  ago  I  did  not  refer  to 
the  effect  of  the  motor  eflieiency  upon  the  efficiencv  of  the 
system  as  a  whole.  I  had  in  mind  the  efficiency  of  the  motor, 
assuming  that  the  manufacturers  would  he  able  to  work  out 
motors  which  would  be  regarded  of  the  same  approximate  effi- 
ciency. I  was  considering  simply  the  question  of  distribution, 
which,  of  course,  when  you  come  to  constructing,  is  to  be  con- 
Aidered  as  a  separate  matter.  But  there  is  a  point  with  regard 
to  the  alternating  current  motor  which  is  alleged  to  be  a  possi- 
bility and  a  practical  thing  by  a  very  influential  and  well-in- 
formed firm  of  manufacturers  in  Europe;  that  is,  they  return 
a  very  substantial  amount  of  energy  to  the  system.  Now,  the 
importance  of  that  depends  upon  the  kind  of  service  you  are 
tallcing  about.  For  service  like  that  of  the  Manhattan  Railway 
of  New  York,  or  underground,  of  these  Chicago  railroads, 
where  you  have  60  seconds  between   stops,   or  are  accelerating 
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for  25  seconds,  and  drifting  for  perhaps  25  more,  and  putting- 
on  the  brakes  for  ten — the  direct  current  motor  is  not  an  ideal 
or  final  consummation  as  we  use  it.  With  the  conditions  of 
efficiency  of  the  direct  current  motors  with  their  rheostats  it  does 
seem  to  be  a  fault  that  with  a  third  rail,  with  86  per  cent,  of  en- 
ergy to  start  with  from  the  switch  board  of  our  power  plant,  we 
have  to  kill  35  per  cent,  of  that  amount  before  we  can  get 
it  into  the  shape  of  power  for  traction,  the  net  result  being 
about  60  per  cent,  of  the  energy  you  start  with  at  the  switch- 
board being  utilized  to  di*aw  the  train. 

.  I  have  been  very  greatly  interested  in  the  fact  that  the  repre- 
sentatives of  the  two  manufacturing  companies  in  America  who 
have  given  most  attention  to  this  subject  are  in  close  agreement 
as  to  the  possibilities  and  limitations  of  the  induction  motor.  At 
the  same  time  I  wish  to  express  the  hope  that  they  are  not 
going  to  bury  that  question.  It  would  be  a  great  pity  if  three 
years  from  now,  after  we  have  adopted,  perhaps,  the  continu- 
ous current  system  on  the  New  York  underground,  we  should 
have  it  pointed  out  to  us  that  a  firm  of  Buda  Pesth  had  put  in 
in  London  a  system  cheaper  to  install  and  equally  effective  and 
efficient  in  operation.     We  must  not  take  that  risk. 

President  Steinmetz: — Gentlemen,  I  am  sorry  to  say  that 
this  great  advantage  claimed  for  the  three-phase  induction  motor, 
to  return  energy  in  concatenation  during  retardation,  is  also  one 
of  the  features  which  careful  numerical  investigation  does  not 
bear  out,  for  this  reason  ;  if  you  run  practically  at  synchronism 
until  the  moment  the  brakes  are  put  on,  that  is,  if  you  operate 
the  motor  in  a  manner  which  is  improper  and  wasteful,  you  can 
return  energy;  but,  as  Mr.  Mailloux  has  very  well  brought  out,  the 
proper  way  of  operating  a  motor  under  rapid  transit  conditions, 
that  is,  the  way  to  carry  the  motor  in  a  given  time  over  a  given 
distance,  with  the  minimum  expenditure  of  energy,  is  to  acceler- 
ate as  fast  as  possible  to  high  speed,  then  to  shut  off  the  power, 
and  coast  until  it  is  time  to  put  on  the  brakes,  because  thereby 
you  devote  to  necessary  operation  a  large  part  of  the  energy 
otherwise  dissipated  in  the  brakes,  and  it  is  naturally  more  effi- 
cient, instead  of  wasting  energy  in  the  brakes,  to  use  it  for  carry- 
ing the  train  over  the  friction  of  the  road.  Now,  in  the  three- 
phase  induction  motor,  where  the  maximum  speed  is  a  little 
below  synchronism,  and  you  begin  to  coast  at  this  speed,  at  the 
end  of  coasting  you  have  fallen  down  from  a  little  below  syn- 
chronism by  the  total  energy  expended  on  the  friction  of  the 
road,  and  you  are  fairly  close  to  half  speed,  and  the  motor  can 
return  energy  only  above  half  speed.  That  means  the  range 
over  which  it  can  return  energy  becomes  very  small,  and  the 
actual  amount  of  energy  returned  in  this  case  under  average  con- 
ditions, even  with  very  short  stops,  where  you  cannot  coast  for 
a  very  long  time,  is  a  very  few  per  cent.,  so  few  that  it  does  not 
pay  commercially  to  use  it,  because  the  energy  is  returned  at  the 
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expense  of  an  enormons  amount  of  current  which  passes  through 
the  motor  and  heats  it.  So  the  induction  motor  as  an 
electric  brake  for  returning  energy  is  not  suitable  for  rapid 
transit  work.  It  is  all  ri^ht  to  use  the  motor  in  concatenation 
to  start  and  get  up  to  haltspeed;  but  even  then  it  is  inferior  in 
efficiency  to  series  control  of  continuous  motors.  Two 
concatenated  motors  are  lower  in  efficiency  than  two  con- 
tinuous current  motors  in  series,  the  current  of  the  first  motor 
being  in  excess.  So  that  even  this  claimed  advantage  of  the 
polyphase  induction  motor  in  returning  energy  is  not  borne  out 
oy  experience. 

Mr.  Stern  : — As  to  the  suggestion  of  Mr.  Stillwell  regarding 
long  runs,  it  appears  that  there  has  not  been  much,  if  anything, 
saia  about  running  the  induction  motor  for  long  distances,  about 
50  miles,  for  express  service,  or  distances  approaching  that,  say 
20,  30  or  40  miles,  and  it  occurs  to  me  that  under  such  conditions 
as  that  there  might  be  something  said  in  favor  of  it. 
The  induction  motor  appears  to  have  its  analogy,  in  mechan- 
ical engineering,  in  the  gas  engine.  Regarding  their  relations 
to  torque  and  speed,  the  acceleration  of  both  have  small  values. 
There  are  mechanical  means,  however,  as  has  been  stated  by  Mr. 
Scott,  for  varying  the  torque  and  the  acceleration  while  the  speed 
of  the  motor  is  kept  constant,  which  are  employed  in  the  driving 
gear  of  gasoline  motor  vehicles,  but  on  long  runs,  such  as  I  have 
]UBt  mentioned,  it  would  appear  that  the  motor  would  take  care  of 
that  itself,  particularly  on  level  roads,  and  the  reference  that  Mr. 
Arnold  made  some  time  ago  to  the  possibilities  of  the  induction 
motor  for  railroad  travel  on  long  runs  (trunk  lines)  might  have 
some  points  of  merit,  and  those  points  it  appears  have  been  over- 
looked in  considering  urban  and  interurban  traffic  when  the  issue 
was  one  of  express  service.  That  is  the  point  I  believe  Mr. 
Arnold  wished  to  bring  out. 

Mr.  H.  C.  Spaulding  : — Noting  the  suggestion  that  has  been 
made  about  using  mechanical  means  for  obtaining  speed  variation 
with  constant  speed  motors,  it  may  be  of  interest  to  the  members 
present  to  note  a  device  which  I  have  had  occasion  to  use  more 
or  less  in  machine  design,  and  have  found  most  efficient  for  the 
purpose.  Suppose  (referring  to  blackboard  sketch)  on  either  the 
driving  or  driven  sliaft,  a  pulley  having  a  deep  V-groove,  and 
split  through  the  bottom  of  the  groove  into  two  parts,  one  of 
which  is  fixed  to  the  shaft,  the  other  being  adjustable  by  any 
convenient  means,  so  as  to  vary  the  distance  between  the  two 
conical  faces  thus  formed.  In  this  groove  is  used  a  narrow,  thick 
beveled  edge  belt  which  drives  by  side  contact  only,  and  does  not 
bottom  except  when  it  is  desirable  to  combine  a  starting  and 
stopping  function  with  variable  speed — in  this  case  a  loose  pulley 
being  inserted  between  the  two  faces  of  the  groove  pulley,  which 
are  recessed  for  the  purpose.  By  using  Sbis  device  on  both 
driving  and  driven   pulleys  (the   take-up  on  the  latter  being 
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effected  automatically  by  a  spii-al  spring),  a  variation  of  speed  be- 
tween wide  limits  is  obtainable  with  maximum  efficiency,  and 
entire  absence  of  excessive  pressure  on  bearings.  At  the  Colum- 
bian Exposition  in  Chicago  I  ran  something  Tike  an  average  of 
15  h.  p.  from  the  main  shafting  by  this  device,  and,  while  auch 
economy  is  not  to  be  expected  in  every  case,  in  this  instance  only 
a  half  horse-  power  was  charged  for,  as  all  computations  were 
made  by  the  inspector  on  a  basis  of  belt  width.  In  this  case  the 
belt  was  2  inches  wide,  oak-tanned,  with  staggered  rivets,  and  I 
believe  a  similar  mechanism  could  be  used  to  advantage  in  solving 
some  traction  problems.  One  application  is  fully  described  in 
United  States  patent  No.  596,281,  issued  to  me  on  December  28, 
1897. 

Mk.  Holmes: — Mr.  President,  there  was  a  company  that  ex- 
ploited this  speed- varying  device  applied  to  a  car.  Some  of 
those  present  trom  Chicago  may  know  of  it.  I  have  seen  draw- 
ings of  such  a  car  intended  *for  suburban  work,  but  it  never  went 
further  than  the  experimental  stage. 

In  electrical  engineering,  Mr.  President,  there  is  a  firing  line  of 
battle ;  there  are  not  many  of  us  engineers  who  are  working  on 
that  line.  The  representatives  of  two  or  three  large  manufactur- 
ing companies  are  truly  in  the  battle  fray,  but  most  of  us  are 
handling  problems  that  are  not  experi  men  till.  I  was  very  much 
interested,  therefore,  in  the  percentage  which  Mr.  JStillwell  gave, 
showing  the  deterioration  ot  machinery  in  the  Cataract  plant. 
Here  is  a  great  hydraulic  electric  plant,  in  fact,  the  pioneer  in 
this  country,  which  has  been  running  for  eight  years.  He  tells 
us  that  the  cost  of  electrical  repairs  on  it  is  less  than  two  per 
cent.  If  I  recollect  rightly,  this  is  less  than  half  the  cost  of  re- 
pair upon  its  hydraulic  machinery.  Coming  down,  then,  to  the 
alternating  station,  where  electricity  is  used  in  its  various  forms, 
we  iind  the  apparatus  there,  also,  of  lasting  quality  and  extremely 
satisfactory,  ^ow,  is  it  not  plain  to  us  that  the  revolving  field, 
alternating  current  generator,  therefore,  with  the  efficiency 
which  it  now  has,  is  a  thing  that  we  can  recommend  permanently 
as  a  machine  which  does  represent  the  final  thing  along  the  lines 
of  electric  generation  of  power  with  magnetism  and  electricity  ? 
It  seems  to  me  that  it  does.  I,  therefore,  have  pictured  to  my- 
self the  problem  which  is  sometimes  stated:  If,  for  instance,  l)e- 
tween  New  York  and  Albany,  you  divide  the  distance,  or 
travel  half  the  distance,  and  then  travel,  or  divide  the  distance 
again,  and  then  divide  it  again,  how  long  will  it  take  you 
to  reach  Albany?  Practically  infinity.  But  in  this  devel- 
opment of  the  three-phase  alternating  generator  and  its  connec- 
tions, have  we  not  got  very  far  along  toward  Albany,  and  can't 
our  recommendations  to  people  who  wish  to  buy  be  made  with 
great  confidence?  It  does  not  seem  to  me  as  if  the  alternating  cur- 
rent generator  will  become  obsolete  in  the  life  of  this  generation, 
and  it  seems  to  me  as  if  its  lasting  quality  is  assured.     I  was  also 
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interested  in  the  statement  concerning  the  Falls  plant,  that, if 
they  were  building  over  again,  or  were  building  de  novo^  the  ap- 
paratus which  they  would  put  in  would  not  secure  a  saving  of 
more  than  $1  per  kilowatt  a  year.  That  is  something  very  in- 
teresting, considering  the  fact  that  this  problem  was  proposed 
eight  years  ago. 

mB.  Stebn  : — I  dor  not  think  that  is  very  encouraging  to  en- 
gineers, Mr.  President.  If  we  were  to  stop  where  we  are  and  con- 
tinue building  the  same  machinery  that  we  are  building,  en- 
gineers would  not   have  very  much  to  do  in  the  future. 

Mr.  Mailloux  : — Mr.  President,  I  think  that  before  this  dis- 
cussion ends  some  allusion  ought  to  be  made  to  another  phase  of 
the  electric  traction  problem  which,  though  not  specifically  men- 
tioned in  the  paper,  is  none  the  less  one  of  the  most  important 
factors  in  the  problem  now  before  us.  I  think  that  an  occasion 
of  this  kind  is  suited  to  bring  to  the  attention  of  the  profession 
some  of  the  points  on  which  we  are  still  in  the  dark.  One  of  the 
things  on  which  we  most  need  information,  at  present,  is  data  re- 
lating to  the  effect  of  the  air  and  the  wind  on  the  resistance  of 
trains.  Ten  years  ago  it  was  a  matter  of  little  consequence,  be- 
cause the  speeds  at  which  we  ran  cars  were  so  low  that  the  wind 
friction  was  a  negligible  quantity.  The  greater  portion  of  the 
'  energy  expended  in  propelling  a  car  at  full  speed;  in  fact,  nearly 
the  whole  of  the  energy  was  expended,  in  overcoming  the  fric- 
tion of  the  bearings ;  but  to-day,  when  the  speeds  have  reached 
30,  40,  50,  60  miles,  and  when  speeds  of  100  miles  or  more  per 
hour  are  contemplated  we  are  reaching  a  condition  when  the  roll- 
ing friction  of  the  train  becomes  the  negligible  quantity  in  its  re- 
lation to  the  air  friction.  It  seems  rather  strange  at  first  blush  to 
think  that  in  a  train  running  at  65  miles  an  hour,  more  than  two- 
thirds  of  the  energy  is  expended  in  a  rubbing  of  some  form  or 
other  against  the  cars  of  the  train,  yet  it  is  a  feet.  We  are,  unfor- 
tunately, almost  unprovided  with  data  on  this  question,  although 
these  data  are  destined  to  have  a  great  influence  on  the  solution 
of  many  problems.  The  absence  of  these  data  is  responsible  to- 
day for  the  fact  that  we  can  only  give  approximate  solutions  and 
approximate  results  of  calculations,  as  given,  for  instance,  in  the 
curves,  in  the  valuable  paper  of  Mr.  Berg.  The  curves  relating 
to  drifting  or  coasting,  are  all  straight  lines,  whereas  we  know  that 
they  cannot  be  straight  lines.  The  curves  of  acceleration  must 
be  concave,  while  the  curves  of  drifting  must  be  convex,  to  the 
axis  of  X  ;  yet  we  have  no  means  of  determining  definitely  and 
precisely  in  what  manner  the  departure  from  the  straight  line 
exists.  In  some  cases,  especially  at  the  higher  speeds,  that  depar- 
ture is  so  great  as  to  become  of  the  highest  importance  indeed 
in  the  result.  1  have  seen  instances  lately  of  speed-time  curves 
which  were  made  oh  the  assumption  that  the  train  friction  was 
a  constant, — 12,  13,  15  pounds  per  ton,  for  instance.  These 
curves  might  be  correct  enough  if  the  speeds  remained  under  15 
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or  20  miles  per  hour  ;  yet  when  the  maximum  speeds  ruD  up  to 
30  or  50  miles  per  hour  this  assumption  is  far  from  true,  for  the 
train  friction  would  run  up  to  25  or  even  30  pounds.  Under 
such  conditions  jou  can  readily  see  that  the  curves  are  hypothetical 
and  are  only  a  rough  approximation,  and  unless  the  motors  have 
a  great  deal  of  margin  in  capacity  for  starting  current,  unless  it  be 
possible  to  raise  the  potential  of  tne  line  or  in  some  other  way  to  get 
higher  speed,  conditions  might  arise  in  which  the  theoretical  sched* 
ule  could  not  be  made  when  it  came  to  actual  practice.  Now,  in  or- 
der to  solve  this  problem,  and  like  problems,  it  would  be  neceasarj 
to  hare  data,  and  data,  and  data  of  all  kinds,  from  all  sources  and 
under  all  conditions,  and  it  is  especially  to  the  engineers  who  are 
designing  and  installing  traction  plants  of  all  kinds  that  I  wish  to 
appeal.  I  think  that  efforts  should  be  made  by  all  engineers  to 
procure  and  collate  data  on  this  subject  of  train  resistance;  it 
does  not  make  much  difference  under  what  conditions,  provided 
the  conditions  are  noted.  It  will  be  necessary,  of  course,  to 
sift  out  the  data ;  but  if  the  data  themselves  were  only  available 
there  are  many  engineera  who  are  competent  to  do  the  sifting, 
and  who  would  be  only  too  glad  to  do  so.  In  that  way  we  could 
eventually  arrive  at  some  dennite,  accurate  information  that  would 
be  of  the  greatest  value.  Efforts  have  already  been  made  by  en- 
gineers, but  they  have  been  isolated  to  some  extent.  It  is  very 
desirable,  indeed,  that  a  sort  of  joint  eff-rt  should  be  made  by  alt 
engineers  who  have  the  opportunity  in  connection  with  the  plants 
in  which  they  may  be  interested,  as  supervising,  constructing  or 
operating  engineers,  to  procure  and  make  supplemental  data.  I 
will  here  state  that  I  am  greatly  indebted  to  the  General  Electric 
Company  for  some  data  on  tram  resistance  at  high  speeds,  which 
they  themselves  have  obtained  in  a  particular  case.  These  data 
turued  out  to  be  of  extreme  utility  to  me ;  and  while  they  apply 
only  to  this  case,  or  to  cognate  cases,  yet  hut  for  these  data,  I 
would  have  been  almost  entirely  in  the  dark  as  to  the  assumptions 
that  one  should  make  in  regard  to  the  effect  of  wind  resistance  at 
high  speeds;  and  I  assure  you,  gentlemen,  that  we  are  likely  to 
hit  far  off  the  target  if  we  have  not  some  means  of  guidance  in 
making  assumptions  in  such  matters.  It  is  for  that  reason  that 
I  deem  the  matter  of  so  great  importance,  and  I  think  it  ought 
to  have  proper  and .  systematic  attention.  One  of  the  mooted 
questions  at  present  among  engineers  is  whether  the  wind  pres- 
sure causes  expenditure  or  loss  of  energy  by  the  boring  effect  of 
the  train,  or  by  the  skin  friction  of  the  sides  of  the  train.  I  had 
a  very  interesting  conversation  with  our  colleague  from  Belgium^ 
Prof.  Gillon,  the  other  day  on  the  subject,  in  which  he  related 
the  conclusions  of  the  German  engineers,  and  I  think  it  would  be 
quite  interesting  if  Prof.  Gillon  would  state  something  further  in 
regard  to  the  concensus  of  opinion  of  continental  engineers  on 
that  question. 

Mb.  Arnold: — Mr.  President,  pending  the  collection  of  such 
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data  as  Mr.  Mailloux  proposes,  I  sn^e^est  a  simple  formula  which 
I  learned  some  jrears  ago,  and  which,  I  believe,  was  proposed 
by  the  Engi/neermg  News^  after  quite  a  prolonged  discussion  of 
this  subject  in  its  columns  by  its  readers.  It  is  :  ^  =  i  F  +  2, 
where  tt  equals  the  total  train  resistance  in  pounds  per  ton  and 
Y  equals  the  velocity  in  miles  per  hour,  while  2  is  a  constant  de- 
termined by  experiment. 

This  is  short  and  sufficiently  accurate  for  practical  purposes 
for  speeds  up  to  50  miles  per  hour. 

Mr.  Mailloux  : — Mr.  President,  I  submit  that  the  rule  is 
over  100  per  cent,  out  of  the  way  at  50  miles  per  hour. 

Mb.  Arnold:— I  submit,  Mr.  President,  that  I  do  not  think  it 
can  be  proved  so  far  incorrect  at  or  under  the  ppeeds  to  which 
I  have  limited  it. 

Mr.  Mailloux  : — The  rule  is  at  least  100  per  cent,  out  of  the 
way,  perhaps  :iOO,  at  60  miles. 

Prof.  Qillon:  -{TrarulcLt'^oril  What  I  have  said  to  Mr.  Mail- 
loux is  a  mere  expression  of  opinion.  In  my  opinion,  that  which 
plays  the  essential  role  in  the  resistance  which  the  air  opposes  to 
a  moving  train  vehicle  is  the  friction  of  the  air  against  tne  walls 
of  the  vehicle.  If  this  be  true,  the  nature  of  this  wall  and  the 
care  that  should  be  taken  in  making  it  as  smooth  as  possible 
would  assume  great  importance.  On  the  other  hand,  the 
sharpened  form  sometimes  given  to  the  front  end  of  high  speed 
cars  would  become  merely  accessory,  and  it  would  seem  to  be 
preferable,  if  the  above  hypotheses  be  true,  to  utilize  this  space 
m  the  front  of  the  car  for  the  motorman  compartment. 

It  may  be  questioned  that  if  we  should  allow  the  wind  to  blow 
through  the  trucks  and  motors  beyond  the  extent  required  for 
ventilation,  whether  it  would  not  be  better  to  cover  the  parts 
below  the  vehicle,  so  as  to  reduce  the  wind  resistance.  These 
are  questions  which  experience  alone  can  answer,  and  of  which 
we  can  hope  for  a  solution  as  soon  as  there  are  high  speed  electric 
trains  in  operation. 

Mr,  E.  r.  KoBBRTs: — Mr.  President,  early  in  the  discussion  vou 
made  a  statement  that  sub-stations  could  sometimes  be  placed  in 
towns  where  a  ticket  and  baggage  agent  could  also  look  after 
the  machinery,  and  I  noticed  thaf  several  smiled  as  if  this  were 
not  a  practical  proposition.  In  our  experience,  it  is  a  matter 
which  should  always  be  taken  into  consicleration,  as,  for  example, 
in  one  road  which  we  designed  it  was  a  question  whether  to  place 
two  sub-stations  in  the  country,  one  each  side  of  a  town,  in  which 
town  it  was  also  decided  to  have  a  ticket,  baggage  and  freight 
agent,  or  whether  to  place  a  sub-station  in  the  town.  Although 
the  latter  somewhat  increased  the  first  cost,  the  increase  was 
mainly  due  to  the  increased  feeder  wire,  which  has  practically  no 
depreciation  and  repair  account,  and  the  cost  of  the  machinery 
was  actually  less;  and,  capitalizing  the  differences  in  salaries,  the 
result  was  materially  in  favor  of  the  one  sub-station,  even  though 
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the  resaltiug  distance  between  the  Biib-stations  was  in  excess  of 
what  would  ordinarily  be  considered  good  practice. 

President  Steinmei^z  : — If  there  are  no  further  questions,  I 
will  call  upon  Mr.  Armstrong  and  Mr.  Berg  to  conclude  the  dis- 
cussion. 

Mb.  Berg: — After  Mr.  Scott's  discussion  of  my  paper,  there  is 
nothing  I  have  to  say  particularly.  I  would  only  like  to  explain 
to  Mr.  Mailloux,  that  in  calculating  these  curves  I  very  carefully 
took  the  variation  in  resistance  into  consideration  at  first,  and 
afterward  drew  the  curves  on  the  basis  of  average  resistance 
during  acceleration.  I  found  the  amount  of  departure,  I  think^ 
one  per  cent.,  and  I  thought  to  save  all  discussion  I  would 
simply  draw  a  straight  line,  as  the  difference  was  so  small 
it  was  impossible  to  detect  it.  Reo^arding  the  distance-time 
curve,  when  calculating  that  curve,  factually  put  in  dots  and 
dashes  for  two  curves,  but  afterward  drew  one  line,  because  they 
came  so  close  together  in  this  particular  scale  that  if  1  tried  to 
draw  two  curves  they  would  have  been  so  close  the  difference 
would  hardly  be  noticeable.  Had  the  maximum  speed,  however, 
been  say  twice  as  high,  Mr.  Mailloux's  arguments  might  well  apply. 

Mr.  Arm8tron(j  : — Mr.  President,  1  think  it  is  an  extreme  dis- 
appointment to  several  of  the  members  here  that  the  induction 
motor  has  not  proved  itself  worthy  of  installation  in  some  of  our 
more  important  plants,  and  the'  person  more  disappointed  thau 
any  other,  I  believe,  is  our  President.  You  can  make  very 
beautiful  curves  in  induction  motor  calculations,  and  to  the  math- 
ematician, especially,  it  is  a  source  of  delight,  and  for  that  reason 
more  than  any  other  I  think  our  President  is  seriously  discour- 
aged at  the  failure  of  the  induction  motor  to  prove  itself  worthy 
of  more  careful  consideration.  It  has  been  brought  out  by 
the  discussion  to-day  that  the  induction  motor  is  unsuit- 
able for  city  traific,  rapid  transit  work,  elevated  work,  or,  in  fact, 
any  class  of  service  where  the  stops  are  at  all  frequent.  Without 
going  into  the  details  of  what  has  been  said,  I  would  add  simply 
that  1  agree  with  them  thoroughly,  but  I  would  like  to  point  out 
that  rapid  transit  work  is  not  confined  to  city  limits.  On  the 
suburban  roads,  although  they  may  have  distances  of  two  or 
three  miles  between  stops,  the  schedule  speeds  may  be  so  high 
that  they  constitute  another  class  of  mpid  transit  roads ;  the  con- 
ditions governing  distribution,  and,  in  fact,  of  the  system  as  a 
whole,  are  very  nearly  those  governing  the  city  roads,  which  are 
classed  as  true  rapid  transit  roads.  The  cars  are  continually 
accelerating,  they  drift,  and  brakes  are  applied,  very  similarly  to 
the  way  it  is  done  in  city  work,  except  that  the  intervals  are 
longer.  And,  therefore,  in  bringing  out  many  of  the  statements 
in  my  paper,  I  had  in  mind  that  interurban  roads  and  suburban 
roads,  and  more  especially  those  of  the  future,  called  for  such  ex- 
treme qualifications  of  the  motors  that  the  induction  motor  is  not 
at  all  suited  for  the  work. 

Mr.  N  .  C.  SAWER8:-Mr.  President  and  Members  of  the  American 
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Institute  of  Electrical  Engineees  : — I  want  to  take  this  oppor- 
tunity before  adjournment  to  thank  you  all  very  much  indeed  for 
your  great  kindness  and  most  generous  hospitality  to  us  during 
our  visit  here.  Our  visit  will  always  be  a  most  pleasant  recollec- 
tion to  all  of  us,  and  the  next  time  vou  come  to  England — and  I 
trust  that  day  is  not  far  distant — although  we  cannot  promise  to 

Erovide  such  sumptuous  intellectual  fare  as  we  have  enjoyed 
ere,  still  I  hope  you  will  be  able  to  pick  up  some  -titbits  here 
and  there,  and,  from  the  social  point  of  view,  enjoy  yourselves  as 
heartilv  and  meet  as  thoroughly  good  fellows  in  our  little  country 
as  we  have  in  your  big  one. 

President  Steinmetz  : — Gentlemen,  I  think  I  voice  your  sen- 
timents when  I  say  that  we  have  not  the  least  doubt  that  when 
we  go  over  the  great  pond  to  our  cousins  on  the  other  side, 
we  shall  be  received  as  well  as  is  imaginable  and  shall  have  a 
very  nice  time ;  and  I  hope  that  we  shall  once  in  the  future 
meet  over  there  again  and  enjoy  ourselves  just  as  well  as  is  pos- 
sible. , 

Mr.  Pope,  our  Secretary,  desires  to  make  some  more  announce- 
ments. ' 

Secretary  Pope: — This  will  be  very  brief,  gentlemen.  I 
have  a  telegram  from  Mr.  Stanley,  of  Great  Barrington,  Mass., 
in  which  he  requests  that  the  Institute  be  invited  to  visit  Great 
Barrington  next  year  on  the  occasion  of  its  Annual  Convention. 
This  matter  has  been  considered  by  some  of  our  members,  and  I 
can  say,  from  personal  knowledge  of  the  ground  and  the  facili- 
ties, that  it  offers  every  advantage  for  a  very  successful  and 
pleasant  convention,  and  I  hope  in  due  time  the  Board  of  Direc- 
tors will  take  it  into  consideration. 

President  Steinmetz: — The  program  of  our  Convention  is 
herewith  closed,  and  I  thank  you  very  much  for  your  very  gen- 
erous attendance  on  the  meetings  and  for  the  interest  and  partic- 
ipation you  have  ehown  in  the  discussions,  which  I  feel  confident 
have  made  this  Convention  one  of  the  best  we  ever  had.  As  re- 
gards attendance,  it  certainly  has  been,  and  even  as  regards  social 
entertainment,  I  believe  we  have  not  lagged  behind  previous 
Conventions,  although  unavoidably  some  of  the  surroundings 
have  not  been   quite  as   appropriate  as  we  could  have  desired. 

I  believe  a  motion  to  adjourn  the  Convention  is  now  in  order. 

On  motion  of  Mr.  Hering,  seconded  by  Mr.  Arnold,  the  meet- 
ing adjourned, 

[Contributed  After  Adjournment  by  C.  O.  Maillodx.J 

In  my  previous  discussion,  of  Mr.  Berg's  paper,  in  referring  to 
the  diagram  at  the  top  of  Fig,  2  of  his  diacjrams,  I  stated  that 
if  the  distance  curves  for  the  a.  c.  motor  and  for  the  d.  c.  motor 
had  both  been  plotted  together,  it  would  be  found  that  these 
distance  curves  do  pot  coincide  at  all  points,  but  show  a  percep- 
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tible  time  interval  between  them  at  certain  points.  The  accom- 
panying diagrams,  Figs.  A  and  B.  prove  tliat  this  is  actnallj  the 
case.  These  diagrams  have  been  prepared  by  means  of  an  inte- 
graph,  an  instrument  which  not  only  computes,  but  actually 
draws  the  integral  curve.  The  two  curved  lines  in  each  diagram 
represent  the  two  integral  curves  corresponding,  respectively,  to 
the  a.  c.  and  the  d.  c.  motors,  exactly  as  they  were  drawn  by  the 
integraph  when  the  tracing  point  of  the  instrument  was  run  suc- 
cessively over  the  two  speed-time  curves,  namely,  the  one  for  the 
a.  c.  motor  and  the  one  for  the  d.  c.  motor,  shown  on  Fig.  2  of 
Mr.  Berg's  paper.  In  Fig.  A  the  setting  of  the  instrument  was 
such  as  to  preserve  and  reproduce  exactly  the  same  scale  for 
both  the  ordinates  (distance  traversed  in  feet),  and  the  abscissae 
(time  in  seconds).  In  Fig.  B  the  scale  of  abscissae  is  also  the 
same  as  in  Mr.  Berg's  diagram,  but  the  scale  of  ordinates  has 
been  purposely  magnified  to  a  little  over  twice  the  scale  of  ordin- 
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ates  in  Fig.  A.  In  both  figures  the  lower  line  of  the  curve  is 
the  integral  or  distance  curve  corresponding  to  the  a.  c.  motor, 
and  the  upper  curve  is  that  corresponding  to  the  d.  c.  motor.  It 
is  seen  that  in  each  diagram  both  curves  reach  the  same  height 
(corresponding  to  a  little  over  2,500  feet)  at  the  end  of  the  run, 
in  the  same  time  (about  96  seconds),  showin<r  that  the  a.  c.  and  d.  c. 
speed-time  curves  as  drawn  in  Mr.  Berg's  diagram  (Fig.  2),  are 
really  curves  of  equal  area,  as  intended  bv  Mr.  Berg.  The 
divergence  between  the  lines  shows  that  the  d  c.  motor  (upper 
line)  during  the  middle  part  of  the  run  reaches  a  given  point; 
that  is  to  say,  runs  over  a  given  distance  a  little  sooner  than  the 
a.  c.  motor,  being  about  2.5  seconds  ahead  at  the  point  of  maxi- 
mum divergence.  Tlie  actual  time  interval  or  diflEerence  is  the 
same  in  both  diagrams,  but  is  more  plainly  visible  in  Fig.  B, 
owing  to  the  enlarged  scale  of  ordinates. 

As  may  be  inferred  from    my  previous  discussion,  this  diver- 
gence would  be  still  greater  if  an  attempt  had  been  made  to  accel- 
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acceleration   being  qaite 
Berg's  diagrams,  thereby 


«rate  faster  in  both  eases,  the  rate  of 
low  for  both  motors,  in  Fig.  2  of  Mr. 
favoring  the  a.  c.  motor. 

Daring  the  first  20  seconds,  or  for  the  portion  of  time  during 
which  the  acceleration  line  is  straight  for  both  motors,  the  mean 
acceleration  in  Fig.  2  is  about  0.8  of  a  mile  per  hour  per  second 
for  the  a.  c.  motor,  and  quite  nearly,  but  a  trifle  under,  one  mile 
per  hour  per  second  for  the  d.  c.  motor.  It  would  be  found  that 
the  acceleration  in  the  case  of  the  a.  c.  motor  can  only  with  great 
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diflSculty  be  made  to  exceed  1.5  miles  per  hour  per  second,  while 
it  is  not  at  all  difficult  to  attain  an  acceleration  of  at  least  2.5 
miles  per  hour  per  second  with  the  d.  c.  motor,  if  desired. 
For  a  rapid  transit  system  having  relatively  short  runs  and  a  high 
schedule  speed,  and,  therefore,  requiring  a  maximum, speed  of 
say  50  or  60  miles  (instead  of  about  27,  as  in  Mr.  Berg's  diagram), 
a  very  great  divergence  would  necessarily  result  between  the  dis- 
tance curves  corresponding  to  an  a.  c.  motor  equipment  and  a 
d.  c.  motor  equipment  for  the  same  service,  for  the  reason  that 
the  mean  acceleration  in  the  case  of  the  d.  c.  motor  would  be 
equivalent  to  about  two  miles  per  hour  per  second,  as  against 
about  1.4,  or  possibly,  1.5  miles  per  hour  per  second,  which  is 
practically  the  present  limit  for  the  a.  c.  motor. 
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[Communicated  after  Adjournment  bt  B.  J.  Arnold.] 

Daring  the  diBCUSsion  I  was  unable,  on  account  of  certain 
canses,  to  give  fully  my  reasons  for  believing  in  the  ultimate 
supremacy  of  the  alternating  current  motor  for  railway  work,  so  I 
would  like  to  supplement  my  remarks  somewhat. 

It  is  well  known  among  tliose  who  have  to  do  with  electric  rail- 
ways that  we  have  just  about  reached  the  limit  of  train  weight  if 
we  must  confine  ourselves  to  the  present  accepted  maximum 
direct  current  voltage  of  650  to  700  volts.  Beyond  this  the  com- 
mutator and  insulation  difficulties  witli  the  direct  current  motor 
seem  to  be  too  great  to  overcome.  If  confined  to  this  limited 
voltage,  the  quantity  of  current  necessary  to  haul  a  heavy  train 
becomes  so  large  that  no  single  contact  shoe  or  wheel  is  capable 
of  properly  taking  it  off  the  working  conductor  without  excessive 
heating.  This  necessitates  the  multiplication  of  contact  points 
or  shoes,  which  in  time  become  prohibitive  if  the  working  con- 
ductor is  placed  overhead,  and  if  the  working  conductor  is 
placed  near  the  ground,  as  is  usual  with  the  present  third  rail  sys- 
tem, the  voltage  must  necessarily  be  kept  low  on  account  of  our 
inability  to  completely  insulate  it.  Tlie  low  pressure  on  the 
working  conductor  necessitates  large  first  cost  in  the  distributing 
system,  which,  in  my  judgment,  is  at  present  excessive,  and  must 
be  largely  eliminated  before  we  can  liope  to  handle  heavy  rail- 
road work  commercially  successful  by  electric  propulsion. 

With  the  alternating  current  motor,  the  working  conductor  can 
be  placed  high  enough  to  properly  insulate  it,  and  energy  trans- 
mitted over  it  at  any  desired  potential  which  may  be  high  enough 
to  permit  sufficient  energy  being  taken  off  on  a  single  contact 
point  to  propel  a  heavy  train  and  keep  the  quantity  of  current 
low  enough  to  make  its  heating  effect  negligible. 

The  present  contended  lack  of  efficiency  and  low  rate  of  accel- 
eration charged  against  the  alternating  current  motor  are,  in  my 
judgment,  less  objectionable  and  more  easily  overcome  than  the 
objections  I  have  pointed  out. 
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[Discussion  of  Pbbsident  Steinmetz's  Papeb  on  "  Oscillations 

OF  Extremely  High  Potentials  in  Altkknating  High 

Potential  Transmissions." — Communicated  after 

Adjournment  by   Percy   H.   Thomas.] 

[See  p.  888  for  Mr.  Steinmetz's  paper.] 

Mr.  Stelnmetz  has  presented  a  very  interesting  paper,  and,  as  a 
result  of  his  investiffation,  has  reached  some  rather  unexpected 
conclusions.  The  third  of  these  conclusions,  which  are  summar- 
ized at  the  end  of  the  paper,  is  particularly  unexpected.  It  is 
this  portion  of  the  paper  which  I  wish  to  discuss.  If  it  be  true 
that  a  short  circuit  may  cause  a  rise  of  potential  beyond  the 
strength  of  available  insulating  materials,  tne  matter  is  of  great 
importance  and  deserves  the  most  careful  consideration.  The 
basis  from  which  the  author  arrives  at  this  conclusion  is  equation 
(39)  of  his  paper.  I  do  not  consider  all  the  assumptions  made  in 
the  derivation  of  this  equation  to  be  justifiable,  as  I  will  explain. 

The  diflFerential  equation  (3),  which  is  the  mathematical  basis 
of  the  whole  paper,  expresses  the  fact  that  in  the  circuit  under 
discussion  the  instantaneous  value  of  the  impressed  e.  m.  f.  always 
equals  the  sum  of  the  ohmic  drop,  the  back  e.  m.  f.  due  to  self 
induction,  and  the  e.  ra.  f.  on  the  condenser.  The  potential  on 
the  condenser  has  previously  been  expressed  as  the  integral  of  the 
current  flowing  in  the  circuit  divided  by  the  capacity ;  that  is, 
the  current  considered  in  the  equation  is  the  charging  current  to 
the  condenser.  The  differential  equation  evidently  applies  to  the 
phenomena  of  charging  a  condenser  through  a  circuit  containing 
inductance  and  resistance.  The  author  derives  from  it  a  general 
equation  for  the  current  in  the  circuit  and  e.  m.  f.  on  the  con- 
denser. The  solution  of  this  problem  has  been  given  bjy  others 
as  well,  for  example  by  Bedell  and  Crehore  in  their  book, 
"Alternating  Currents."  They  start  with  practically  the  same 
differential  equation  and  derive  a  result  (see  page  127,  equation 
181)  the  equivalent  of  equation  (13)  in  Mr.  oteinmetz's  paper. 
In  equation  (35),  preparatory  to  deriving  equation  (39),  the  autlior 
substitutes  for  the  initial  current  of  his  general  equation  the  cur- 
rent flowing  in  the  circuit  on  a  short  circuit  across  the  lines  at  the 
condenser.  This  substitution  is  justifiable  only  on  the  assump- 
tion, which  the  author  directly  makes,  that  the  short  circuit  cur- 
rent is  instantaneously  interrupted  at  the  point  of  short  circuit 
and  that  no  diminution  in  the  strength  of  the  current  in  the  rest 
of  the  circuit  occurs  at  the  time  of  this  interruption.  This  as- 
sumption, which  is  the  step  in  the  investigation  that  I  do  not  con- 
sider justifiable  and  from  which  results  directly  the  great  rise  of 
potential  of  equation  (39),  is  certainly  not  in  accordance  with 
actual  conditions  in  transmission  circuits.  For  not  only  do  such  short 
circuits  fail  to  open  instantaneously,  but  when  accompanied  by  an 
arc  the  current  strength  is  considerably  limited  before  breaking 
by  the  resistance  of  the  arc.  Also  any  excessive  rise  of  potential 
will  cause  the  short  circuit  to  be  re-established  at  the  original 
point.  Furthermore,  if  a  similar  assumption  of  a  sudden  inter- 
ruption of  the  current  is  made  in  any  electric  circuit  containing 
inductance,  a  rise  of  potential  will  result.  ^ 
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The  rise  of  potential  derived  from  equation  (39)  is  the  well  known 
phenomena  of  a  high  potential  resulting  from  the  sudden  stoppage 
of  current  in  a  circuit  which  includes  inductance.  That  is,  when 
the  short  circuit  occurs,  energy  is  stored  in  the  inductance  of  the 
transmission  line  by  the  short  circuit  current  and  on  the  assump- 
tion of  the  instantaneous  rupture  of  the  current,  the  energy  can 
be  discharged  only  into  the  condenser,  which  of  course  means  a 
rise  of  potential  depending  on  the  amount  of  energy  stored  and 
the  capacity  of  the  condenser.  In  fact,  the  expression  j^'k/x  E 
which  the  author  gives  as  a  mathematical  expression  of  the  ex- 
treme rise  of  potential  under  discussion,  may  be  directly  derived, 
algebraically,  without  the  use  of  a  differential  equatioTi,  provided 
the  same  assumptions  are  made  as  in  the  paper.  For,  in  a  circuit 
of  inductance  Z,  in  which  a  current  %  is  flowing,  the  energy 
stored  in  virtue  of  the  inductance  isl/2Zio'.  lithe  assump- 
tion is  made  that  the  current  %  which  is  taken  to  be  the  short  cir- 
cuit current,is  instantaneously  interrupted  at  short  circuit  this  cur- 
rent can  discharge  only  into  the  condenser,  which,  must  therefore, 
receive  the  full  amount  of  this  energy.  The  energy  stored  in  a 
condenser  equals  1/2  67  F*  where  F  is  its  potential.  Equating 
these  two  quantities  and  solving  for  F,  we  have  the  equation 
V  =  %  i^X/Cl  or  substituting  for  C^its  value  from  the  paper, 

1  r  X 

— -  and  for  Z  its  value =r^ , 

27:  JV  k  27C  N 

we  have  F  =  io  i^k 

Again  making  the  assumption  as  in  the  paper,  that  /•  =  0, 
«o  =  E/x,  therefore  V  =  \/^k/x.JS  =  e,  the  result  given  by  the 
author.  That  is,  by  obtainingthe  value  by  which  the  potential  of  the 
condenser  must  be  raised  to  contain  the  energy  stored  in  the  in- 
ductance of  the  circuit,  we  get  the  author's  expression  for  the 
rise  of  potential  under  discussion. 

The  tact  that  the  rise  of  potential  results  from  the  author's 
assumption  of  his  initial  conditions  may  be  shown  by  placing 
JE^O  m  his  general  equation  (17),  for  the  voltage  on  the  condenser 
that  is,  by  assuming  that  no  external  electromotive  force  is  applied 
to  the  circuit  after  the  time,  ^=0.  By  his  assumption,  6o=0  in 
the  case  of  a  short  circuit.  Making  e^—O  and  ^=0  all  terms 
vanish  except  the  term 

e-<r/ax)^  frMiil  t,  sin  X  ^  =  e-(-/^>0  1^  i,sm-^<p 
L    2q     J  2x^  ^q  2aj^ 

Making  the  assumption  again  that  r  =  0,  we  have  to  v^Aaj  ^^ 

V^k/x  fy  *"d  fo^   ^^^  maximum  potential  as  before  i^  ^/kxy  or 

substituting  the  old  value  for  {q  we  have  i^k/x-^'      That  is,  the 
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same  maximum  rise  of  potential  is  obtained  if  we  have  no  ap- 
plied e.  m.  f.  in  the  circuit  after  the  time  of  rupture  of  the  short 
circuit.  This  shows  that  the  assumption  of  his  initial  current  % 
introduces  the  critical  term. 

Returning  to  tlie  third  conclusion  of  paper,  we  see  that  the  rise 
of  potential  depends  directly  on  the  assumption  of  a  sudden  break 
of  the  short  circuit  current.  Therefore,  anything  that  tends  to 
render  the  opening  of  the  short  circuit  more  sudden  will  increase 
the  danger  of  an  excessive  rise  of  potential  That  is,  in  the  ab- 
sence of  direct  .experimental  evidence  to  the  contrary  from  actual 
transmission  circuits  or  their  equivalent,  the  assumption  will  nat- 
urally follow  that  these  types  of  circuit  opening  devices,  which 
have  special  forms  for  getting  a  quick  break — for  example,  mag- 
netic blow-outs,  explosive  types,  air  blasts  or  breaks  under  oil — 
are  more  likely  to  cause  a  dangerous  rise  of  potential  than  the 
open  air  type. 

In  conclusion,  I  may  state  that  this  paper  is  an  interesting  and 
important  contribution  to  the  subject  of  switching  in  high  tension 
circuits.  Unfortunately  the  mathematical  treatment  can  show 
nothing  as  to  the  vital  question  as  to  how  sudden  a  break  may  re- 
sult from  the  various  types  of  switches  and  oircuit  breakers. 
Also  the  fact  should  be  recognized,  which  is  not  directly  stated 
in  the  jjaper,  that  the  expression  obtained,  apparently  showing 
the  possibility  of  an  extreme  rise  of  potential,  is  not  due  to  a  new 
or  mysterious  principle,  but  is  a  particular  case  of  a  well  known 
principle  in  electrical  work. 
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New  York,  Sept.  2t,  1901. 

The  166th  meeting  of  the  Institutb  was  held  this  date  at  13 
West  31st  Street,  and  was  called  to  order  by  Prest.  Steinmetz 
at  8.80  p.  M. 

The  Sbobbtaby  : — At  the  meeting  of  the  Board  of  Directors 
this  afternoon  the  following  associates  were  elected  : 
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Engineering,  Columbia  Uni- 
versity; residence,  Riverside 
Drive,  cor.  108th  St.,  N.  Y. 
City. 

Owner  and  Manager,  Bell  Elec- 
tric Motor  Co.,  197  Wooster 
St.;  residence,  83  East  116th 
St..  N,  Y.  City. 

Electrical  En^^ineer.  Westing- 
hoase  Electric  and  Mfg.  Co.; 
residence,  530  Sheridan  Ave., 
Pittsburg,  Pa. 

Boons,  William  Kbnnbth    Electrician,  Jalapa  R.  R.  & 
Power  Co.,  Apartado  91,  Ja- 
lapa, V.  C.  Mexico. 
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Bakbr,  Jossph  B. 


Bayne,  Howakd 


Bbll,  Alonzo  C. 


Bbnnktt,  Bdwabd 


C.  T.  Hutohlnson. 
Louis  Duncan. 
0.  F.  Beames. 

T.  A.  Edison. 
A.  E.  Kennelly. 
F.  R.  Upton. 

H.  B.  Coho. 

W.  R.  0.  Corson. 

H.  E.  Heath. 

John  Balch  Blood. 
Chas.  A.  Stone. 
A.  N.  Mansfield. 

M.  L  Pupin, 
F.  B.  Crocker. 
J.  J.  Carty. 


Chas.  J.  Bogue. 
Max  Osterberg. 
Max  Loewenthal. 

C.  P.  Scott. 
Murray  C.  Beebe. 
A.  J.  Wurts. 

Geo.  Greenwood. 
M.  R.  Gutieriez. 
Carlos  Yslas. 
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Braun,  Christian  Edward  DraughtsmaD, Western  Elec- 
tric Co.,  New  York  City;  resi- 
dence, 817  Nostrand  ATenae, 
Brooklyn,  N.  Y. 

Glut,  Arthur  S.  Mechanical  Engineer,    Crocker- 

Wheeler  Co.,  Ampere,  N.  J. 

CoGHUV,  John  P.  Electrical  Engineer  and  Contrac- 

tor,  Page  Electric  Co. ,  24  Pearl 
St.,  Worcester,  Mass. 

Darling,  Edward  Albert  Engineer,  Edison  Portland 
Cement  Co. ,  Ste warts ville,  N. 
J. 

Dban,  Walter  Clark  Laboratorian,  U.  S.  Government, 
(Navy),  197  Granby  St.,  Nor- 
folk, Va. 

De  Crow,  Charles  Edward  In  charge  of  Power  Appar- 
atus, Oatput  Dept.,  Western 
Electric  Co.,  242  S.  Jefferson 
St.;  residence.  996  Floumoy 
St.,  Chicago,  J]). 

DoDD,  Samuel  Thomson  Engineer  Railway  Dept. ,  Stanley 
Electric  Mfg.  Co.,  Pittsfield, 
Mass. 

Dopp,  William  Hugh  Drawing  Room  Foreman.  Eddy 
Electric  Mfg.  Co.,  Windsor, 
Conn. 

DouD,  Charles  Hamilton  Student  Columbia  University, 
30  W.  44th  Street,  New  York 
City. 

Drbssel,  John  Hathaway  Assistant  Engineer  on  Switch, 
boards,  Wagner  Electric  Co.; 
residence,  8026  Locust  St.,  St. 
Louis.  Mo. 

Dtkb,  Owkn  Arthur  Wynne  Acting  Electrical  Mana- 
ger, Lloyds  &  Co  ,  Observatprv 
Road,  near  Capetown,  South 
Africa. 

George,  James  Zackariah  General  Manager  and  Chief 
Engineer,  Street  Railway  and 
Lighting  Plant,  Vicksburg, 
Miss. 

GiBBONEY,  William  Kent  Chief  Lineman,  The  Niagara 
Palls  Power  Co.,  11  Sugar  St., 
Echota,  Niagara  Falls,  N.  Y. 

Hemingway,  Albert  Franklin  Chief  Draughtsman,  The 
Western  Electric  Co.;  resi- 
dence, 148  W.  122d  St.,  New 
York  City. 

Holbrook,  Frederick  Montgomery  Chief  Electrician. 
The  Browning  Mfg.  Co.,  489 
Juneau  Place,  Milwaukee, Wis. 
Johnson  Eleetric  Service  Co., 
120  Sycamore  St.,  Milwaukee, 
Wis. 

Keller,  Carl  A.  Assistant  Engineer,  J.  G.  White 

&  Co.,  Monroe,  Mich. 


Johnson,  Warren  S. 


G.  A.  Hamilton. 

0.  A.  Bell. 

J.  D.  Hathaway ,Jr 

S.  S.  Wheeler. 
Gano  S.  Dunn. 
F.  V.  Henshaw. 

Chas.  F.  Scott. 
Jno.  S.  Peck. 
A.  J.  Wurts. 

Thos.  A.  Edison. 
F.  B.  Crocker. 
M.  L  Pupin. 

W.  L.  Puffer. 
W.  L.Smith. 
T.  P.  Thompson. 

V.  R.  Lansingh. 
R.  A.Widdicombe 
C.  D.  Crandall. 


C.  C.  Chesney. 
John  F  Kelly. 
F.  A.  C.  Perrine. 
H.  B.  Coho. 
W.  R.  C.  Corson. 
H.  E.  Heath. 

F.  B.  Crocker. 

G.  F.  Sever. 
L.  B.  Stillwell. 
S.  L.  G.  Knox. 
R.  McClenathan. 
H.  S.  Carhart. 

Jos.  Wetzler. 
J.  E.  Lloyd. 
J.  Denham. 

Geo.  W.  Knox. 

C.  G.  Armstrong, 
James  Lyman. 

H.  W.  Buck. 
P.  M.  Lincoln. 
L.  B.  Stillwell. 

0.  A.  Bell. 
H.  F.  Albright. 
G.  F.  Atwood. 

Gano  S.  Dunn. 
John  J.  Carty. 
M.  I.  Pupin. 

D.  C.  Jackson. 
B.  V.  Swenson. 
B.  Frankenfleld. 
D.  C.  Jackson. 
S.  W.  Childs. 
H.  A.  Lardner. 
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Lthdon,  Lascae 


MaGIE,   liOUIS  DsWiTT 


Consulting  Engineer,  Park  ^w 
Bldg. ;  residence,  102  W.  84th 
St.,  N.  Y.  City. 

Works  Engineer,  Canadian  Gen- 
eral Electric  Co.,  Peterbor. 
ough,  Ont. 

Makland,  Wiluam  John  Bailey  Electrical  Engineer. 
2VZ  West  124th  Street,  New 
York  City. 

MoCoNAHST,  William  M.  Electrical  Engineer,  Western 
Electric    Co.,    8600    Wabash 

Ave.,  Chicago,  111. 

• 

HcGbaw,  Jambs  H.  President,    McGraw  Publishing 

Co  ,  130  Liberty  St.,  New  York 
City;  residence,  Madison,  N.J. 

MiLLBB,  Walter  H.  Mansger  of  Record  Dept.,  (Pho- 
nograph) with  Thomas  A.  Edi- 
son ;  residence,  28  Mt.  Vernon 
St.,  Orange,  N.  J. 

MoBBisoN,  William  Jambs,  Jr.  Stock  Broker,  Consoli- 
dated Stock  Exchange;  also 
experimental  electro-chemis- 
try, Ridgefield  Park,  N.  J. 

Nbwman,  Fbed  Jacob  Electrical  Engineer,  Westing- 
house  Electric  and  Mfg.  Co., 
Pittsburg.  Pa. 

NoRTHBUP,  Edwin  Fitch  Chief  Engineer  ( Electrical) 
Rowland  Telegraph  Co.,  Johns 
Hopkins  Ave. ,  Baltimore. Md. 

Pabkbb,  Lindsay  R.  Student.  Columbia  University. 
»45  State  Street,  Brooklyn, 
N.  Y. 

Pabkhubst,  Cbarlbs  Wiluam  Supt.  of  Electrical  Dept., 
Cambria  Steel  Co.,  Johnstown, 
Pa. 

Pattbbsok,  Gbobob  Washington,  Jr.  Junior  Professor 
of  Physics,  University  of  Mich- 
igan, HI 4  S.  University  Ave., 
Ann  Arbor,  Mich. 

Peticolas,  Shbbman  Goodwin  Sales  Representative  and 
Electrical  Engineer.  Bullock 
Electric  Mfg.  Co. ;  P.  0.  Box, 
585,  El  Paso,  Texas. 

RiCHTBBBO,  Hbrmahn  Andrbas  Electrical  Engineer, 
Westinghouse  Electric  and 
Mfg.  Co.;  residence.  205  W. 
41st  St.,  New  York  City. 

RoDGBBS,  AsHMBAD  Grat  Foreman  of  Winding  Dept., 
Eddy  Electric  Mfg.  Co.,  Wind- 
sor,  Conn. 

Sage,  Darkow  In  Testing  Dept.,  General  Elec- 

tric Co.,  Schenectady.  N.  Y.; 
residence,  501  W.  118th  St., 
New  York  City. 

Simpson,  Erkist  Leb  Electrical  Engineer.  The  Mexi- 
can Gas  and  Electric  Light 
Co.,  Santa  Clara,  No.  7,  Mex- 
ico City,  Mex. 


H.  W.  Blake. 
T.  C.  Martin. 
W.  D.  Weaver. 

P.  A.  C.  Perrine. 

C.  C.  Chesney. 

D.  B.  Rushmore. 

Geo.  P.  Sever. 
L.  Stieringer. 
H.  C.  Cushing.  Jr. 

v.  R.  Lansingh. 
H.  H.  Wait. 

E.  P.  Warner. 

W.  S.  Barstow. 
Carl  Bering. 
0.  T.  Crosby. 

L.  Stieringer. 
A.  E.  Kennelly. 
Thos.  A.   Edison. 

Wm.  Maver.  Jr. 
H.  F.  Albright. 
G.  A.  Hamilton. 


Chas.  F.  Scott. 
N.  W.  Storer. 
C.  E.  Skinner. 
B.  B.  Braickett. 
Carl  Bering 
Irving  B.  Smith. 
M.  I.  Pupin. 
P.  B.  Crocker. 
P.  Townsend. 
J.  B.  Granbery. 
Thos.  Duncan. 
R.  S.  Masson. 
H.  S.  Carhart. 
Chas.  R.  Cross. 
Wm.  L.  Puflfer. 

B.  H.  Humphrey. 
E.  L.  Nichols. 
Ralph   W.    Pope. 

Henry  Morton. 
Wm.  B.  Geyer. 
Albert  F.  Ganz. 

H.  B.  Coho 
Wm.  R.  C.  Corson 
H.  E.  Beath. 
P.  B.  Crocker. 
G.  P.  Sever. 
C.S.Aylmer-Small 

S.  Allen  Dyer. 
L.  W.  Benry. 

C.  P.  Beames. 
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Smith,  Fkabk  Warbbn    Superintendent,     The     Cutler-    C.  M.  Wilkes. 
Hammer  Mfg.  Co. ,  20  Charles    Bion  J.  Arnold. 
St.,  Westfleld,  N.  J.  B.H.Man8field,Jr 

Smith,  Samubl  William    General  Storekeeper  and  Pur-    I.  A.  Taylor, 

chasing  Agent,  Liachine  Rap-    L.  A.  Howland. 
ids  Hydraulic  and  Land  Co.,    GustaTo  Lobo. 
Ltd.,    160  McCord  St.;    resi- 
dence,  172  Versailles   Street, 
Montreal,  Can. 

Spobhber,  Hbbmahn        Llaboratorian,  in  charae  of  Test  T.  Woloott. 

Room,  Equipment  Dept.,  New  J.  Martin. 

York  Navy  Yard;   residence,  W.V.N.Powelson. 
472  2nd  Ave. ,  New  York  City. 

SvDLow,  Habbt  City  Engineer,  City  of  Washing-    A.  M.  Schoen, 

ton;     box    26,    Washington,    Jas.  A.  Wotton. 
Georgia.  Bdw.  J.  Willis. 

Tbbvbt,  Robbht  Technical  Engineer,  Western  Bl-    H.  F.  Albright, 

ectric  Co.,  North  Woolwich,    G.  A.  Hamilton. 
London;   residence,  54  Pens-    Ralph   W.   Pope. 
hurst  Road,  South  Hackney, 
London,  N.  E.,  England. 

Tobbt,  Habbt  Willabb     Member  of   the   Engineering  C.  C.  Chesney. 

Dept ,  Stanley  Electric  Mfg.  John  F.  Kelly. 

Co.,  36  Oxford  St.,  Pittsfleld,  F.  V.  T.  Lee. 
Mass. 

Ttndall,  Chahlbs  H.  Ph.D.,    Minls^ter     Reformed    Ralph    W.    Pope. 

Church,  187  South  Sixth  Ave..     W.  J.  Hammer. 
Mt.  Vernon,  N.  Y.  F.  E.  Kinsman. 

Walkbb,  Miles  Electrical  Engineer,  The  British  Chas.  F.  Scott. 

Westinghouse     Electric    and  Percy  K.  Thomas. 

Mfg.  Co.,  Ltd.;  residence,  413  C.  B.  Skinner. 
Pitt  St.,  Pittsburg,  Pa.  ^ 

Wells,  Gbobob  Euobnb    Consulting  Electrical  Engineer,    F.  Schwedtmann. 
Ruebel  &  Wells,  817  Clarendon    W.  A.  Layman. 
Ave.,  St.  Louis,  Mo.  H.  A.  Wagner. 

Wilder,  Henby  Windsok    Electrical  Engineer,  Hudson    0.  A.  Bell. 

River  Telephone  Co.,  Albany,    Paul  G.  Burton. 
N.  Y.  G.  F.  Atwood. 

Wileb,  Cabl  Electrical     Engineer,    Western    Henry  H.  Wait. 

Electric  Co.,  Chicago,  111.  B.  P.  Warner. 

V.  R.  Lansingh. 

Wilson,  Henbt  Clinton    Chief  Engineer,  Chapman  Dou-  W.  J.  Hammer, 

ble  Ball  Bearing  Co.,  49  Wall  F.  B.  Kinsman. 

St.,  N.  Y.  City.  Ralph    W,    Pope. 
Total  54 

AssociateB  transferred  to  Membership : 

Approved  by  Board  of  Examiners.  July  19th,  1901. 

F.  A.  MuscHENHEiM  Electrical  Engineer,  Western    Electric    Co.,    New 

York  City. 
H.  P.  Davis  Engineer  of  Detail  Department,  Westinghouse  E.  ft 

M.  Co..  Pittsburg.  Pa. 
H.  B.  MoLB  with  J.  G.  White  ft  Co.,  New  York  City. 

Frank  W.  Rolleb  Blectrical  Engineer,  203  Broadway,  New  York  City. 

Dr.  Matthews  then  presented  the  following  paper: 
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pap€r  prtunitd  at  tkt  tstth  Mftiimg  a/ 
tk€  American  InttituU  of  Electrical  Engin- 
eer*^ New  Yerk^  September  sffth^  tifoi^  Presi- 
dent Steinmetz  in  the  Chair, 


AN  IMPROVED  APPARATUS  FOR  ARO-LIGHT 
PHOTOMETRY. 


BY    CHARLES    P.  MATTHEWS. 


The  usual  process  in  arc-light  photometry  involves  the  deter- 
mination of  the  distribution  curve  of  luminous  intensity  in  a 
vertical  plane  through  the  axis  of  the  carbons,  and  the  subse- 
quent integration  of  a  derived  curve  in  rectangular  co-ordinates 
{the  Rousseau  diagram).^  The  ordinate  of  this  latter  curve  ia 
the  measured  intensity,  and  the  increment  of  the  abscissa  is  pro- 
portional to  the  area  of  the  elementary  zone  which  such  intensity 
illuminates  of  an  imaginary  sphere  about  the  source.  The  mean 
ordinate  of  this  derived  curve  is  the  value  sought.  Under  the 
most  favorable  conditions  this  task  is  a  tedious  one,  several  hours 
being  usually  required  for  its  completion. 

Methods  designed  to  shorten  this  process,  through  the  pro- 
duction upon  the  photometer  screen  of  an  illumination  proper* 
tional  to  either  the  mean  spherical  or  mean  hemispherical  in- 
tensity of  the  source  are  not  new.  Of  these  integrating  methods, 
the  writer  is  aware  of  two  due  to  Blondel,'  and  one  due  to 
Houston  and  Kennelly.' 

Unfortunately,  two  of  these  methods  are  adapted  only  to  the 
photometry  of   the  open   arc,  while  the   third,  although  worked 

1.  See  Appendix. 

2.  The  LumenmHre.    VAclairage  liUctriqtie,  March,  April,  May,  1895, 
The  Photomeaomitre.    L*  Adairage  ^lectriqtte. 

8.  Bl6<arieal  World,  zzvii:  509.  1896. 
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ont  in  a  masterly  manner  by  Blondel,  requires  a  somewhat 
elaborate  preliminary  calibration.  It  is  the  writer's  purpose  to 
describe  here  an  equipment  which  he  has  designed  for  the 
Photometric  Laboratory  of  Purdue  University,  where  it  is  now 
in  satisfactory  operation.  This  piece  of  apparatus,  while  embody- 
ing certain  features  of  BlondePs  apparatus,  combines  sim- 
plicity of  operation  with  adaptability  to  either  the  open  or  en- 
closed arcs. 

Theory  of  the  Method. 

The  mean  spherical  intensity  and  the  mean  hemispherical  in- 
tensity of  a  source  whose  photometric  surface  is  one  of  a  revolu- 
tion are  given  by  the  expressions : 

Jmh»  =    y         Iff  sin  0  d  0. 

Where  I^  is  the  intensity  at  an  inclination  of  O^Jto  the  vertical. 

If  the  intensity  Iq  be  taken  at  n  equal  intervals  through   180®, 

or  n'  equal  intervals  through  90®  in  a  vertical  plane,  we  may 
write 

as  the  mean  spherical  intensity  ana 

/mh.  =  - — J  ^        /p  Bm  0 


5 


as  the  mean  hemispherical  intensity— expressions  which  are  quite 
correct  if  n  and  n'  be  sufficiently  large. 

For  example,  let  us  consider  the  hypothetical  distribution)  of 
intensity  shown  in  Fig.  1,  namely,  a  circle  tangent  to  a  vertical 
line.    Here. /is  a  known  function  of  0  and  we  have 

/m.  ^\  f  h  8in»  0d0 

=  78.5 
if  I^  be  taken  as  100. 


*See  Appendix. 
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Fio.  1. 


Whence 


5' 

^03 


100  sin^  d  =  600  and  i„«  = 


Taking  now  A  ^  = 

16^  or  71  =  12,  we  have 

TABLE  I. 

9 

100  sin*  e 

0 

0. 

15 

6.7 

80 

25. 

45 

60. 

60 

75. 

75 

.    98.8 

90 

100. 

105 

98.8 

180 

75, 

185 

50. 

160 

25. 

175 

6.7 

600. 


2  X  12 


X  600  =  Y8.6 


It  thus  appears  that  with  n  =  1^,  the  approximate  formula 
yields  a  result  amply  correct. 

To  produce  on  the  photometer  screen  an  illumination  pro- 
portional to  the  mean  spherical  intensity  of  the  source,  it  is 
necessary,  as  the  formula  shows,  (1)  to  direct  towards  the 
photometer  the  beams  of  light  which  the  eye  of  an  observer 
would  receive  if  he  were  to  view  the  source  at  angular  intervals 
of  15  degrees  in  a  vertical  plane,  and  (2)  to  reduce  the  intensity 
of  the  light  in  these  directions  in  the  ratio  of  the  sine  of  the 
angle  between  the  direction  of  view  and  the  vertical.  The 
method  of  aecomplishing  this  is  described  below. 
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Dksoription  of  Method. 

A  ring  of  24  large  trapezoidal  mirrors,  m,  m,  surrounds  the 
are.  This  system  of  mirrors  constitutes  a  truncated,  24Bided 
pyramid.  The  inclination  of  the  mirrors  to  the  axis  a  of  the 
system  is  such  that  the  eye,  placed  at  the  photometer  p,  sees  24 
images  of  the  lamp  l,  of  which  l'  is  the  horizontal  one,  precisely 
as  if  the  mirrors  being  absent,  one  were  to  travel  in  a  circle 
about  the  arc  in  the  plane  00'  stopping  at  15°  intervals.  Figs. 
3  and  4  Miow  the  aspect  of  this   series  of  images   from  a  point 


Pig.  h. — Arrangement  for  the  Determination  of  the  Mean  Spherical  Intensity. 
[The  slight  amount  of  displacement  in  Figs  8  and  4  is  due  to  the  fact 
that  the  camera  could  not  be  placed  in  the  optical  center  of  the  system.] 

near  the  photometer.  The  first  figure  shows  the  entire  set  of 
images  as  used  in  the  determination  of  the  mean  spherical  in- 
tensity, and  the  second  figure  the  lower  images  only  for  the 
determination  of  the  mean  hemispherical  intensity,  as  in  the  case 
of  lamps  with  shades.  As  actually  used,  the  top  and  bottom 
mirrors  were  left  out,  not  because  there  may  not  be  liji^ht  in  these 
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directions,  but  because  these  intensities,  when  multiplied  by 
sine  0^,  do  not  contribate  to  the  mean  spherical  intensity. 
Direct  light  from  the  arc  is  intercepted  by  a  black  screen  s. 

This  system  of  mirrors  serves  then  to  direct  the  light  to  the 
photometer  screen  in  the  chosen  directions.  The  second  con- 
dition is  that  the  intensity  of  each  beam  of  light  shall  be  reduced 
in  the  ratio  of  the  sine  of  the  vertical  angle.  I  have  done  thia 
by  a  polygonal  glass  disk  d,  composed  of  as  many  sectors  aa 
there  are  mirrors.  These  sectors  are  smoked  until  they  give  the 
desired  absorption.  In  order  that  the  film  of  smoke  may  be 
permanent,  the  ring  of  smoked  sectors  is  covered  by  two  plates 


Fig.  4. — Arrangement  for  the  Determination  of  the  Mean  Hemispherical  In- 
tensity. 

of  plane  glass.  These  plates  cover  but  do  not  touch  the  smoked 
surfaces.  The  three  thicknesses  of  glass  are  firmly  bound  to- 
gether, and  the  screen  as  a  whole  may  be  handled  without  fear 
of  changing  its  absorption.  The  precaution  must  be  taken  to 
thoroughly  clean  its  external  surfaces  before  making  measure- 
ments. An  essential  condition  to  the  success  of  this  method  is 
that  the  photometer  screen  should  receive  light  through  any 
given  sector  from  the  image  in  the  corresponding  mirror  and 
from  no  other.  That  this  condition  is  fulfilled,  can  easily  be 
determined.  Thus,  if  all  the  mirrors  be  covered  except  the 
horizontal  one,  and  all  the  sectors  be  covered  except  the  sector 
just  above  the  horizontal,  that  is,  at  15^  a,  then  if  the  patch  of 
light  produced  by  this  arrangement  of  the  apparatus   falls  not 
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upon  the  photometer  screen,  but  upon  the  blaek  surface  in  the 
▼icinitj  of  the  photometer,  the  required  condition  is  met.  The 
sectored  disk  is  best  put  in  place  by  replacing  the  photometer 
screen  by  a  cardboard  pierced  by  a  small  opening.  The  observer 
can  then  sight  through  this  hole,  and  ascertain  the  adjustment  of 
the  disk  with  reference  to  the  system  of  mirrors. 

Constants  op  Mibbobs  and  Glass. 

The  mirrors  are  of  good  quality,  French  plate  glass.  Their 
reflection  coefficients  were  carefully  determined  for  the  in- 
cidence at  which  they  are  used.  Some  inequalities  were  founds 
as  would  be  expected,,  although  the  maximum  difference  from 
the  mean  value  of  .815  is  only  ±  2.9  per  cent.  The  following 
table  gives  the  coefficients  of  the  24  mirrors. 

TABLE  II. 
Value  of  Mirror  Coefficients  Ke^ 


Mirror  Number. 

J^e 

Mirror  Number. 

^e 

I 

.796 

«3 

.890 

3 

.830 

M 

.83a 

3 

.803 

X5 

.798 

4 

.814 

16 

.818 

5 

.791 

»7 

.818 

6 

1 

.819 
.812 

x8 
>9 

■^ 

.803 

90 

.8X9 

9 

.83a 

91 

.8X9 

lO 

.809 

99 

.8X9 

IX 

.839 

»3 

.830 

19 

.834 

«4 

.819 

It  will  be  seen  that  these  coefficients  occur  in  pairs.  This 
would  lead  one  to  believe  that  two  mirrors  were  cut  from  one 
piece  of  glass.  An  inspection  of  the  edges  of  the  mirrors  showed 
that  this  was  very  probably  the  case.  The  values  are  so  nearly 
equal  that  for  purposes  of  arc-light  photometry  sufficient  accur- 
acy would  be  obtained  by  using  the  mean  value  of  .815.  How- 
ever, in  order  that  the  apparatus  might  be  used  for  the  measure- 
ment of  steady  sources,  I  have  made  up  for  variations  in  K^  in 
the  smoking  of  the  corresponding  glass  sectors.  That  is  to  say, 
if  the  coefficient  of  a  particular  mirror  were  high,  the  corres- 
ponding glass  sector  was  smoked  a  little  heavier  than  would 
otherwise  be  done.     In  all  cases  the  formula 

{Kg  JTg)  JS^  =  (iTo  Kg)  sin  d  was  satisfied. 
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Where  Kg  =  transmission  coefficient  of  glass 

K^  =  transmission  coefficient  of  layer  of  smoke  corre»> 

ponding  to  angle  0, 

Kq  =  reflection  coefficient  of  mirror  at  angle  0 
K^  =  reflection  coefficient  of  horizontal  mirror. 
Since  K^  and  J^  must,  of  necessity,  be  obtained  together*  we 

have  as  the  required  transmission  coefficient  for  the  tf  sector 

This  value  was  computed  for  each  sector  and  the  glass  smoked 
accordingly.  It  will  be  seen  from  this  that  the  intensities  are 
cut  down  as  a  whole  in  the  ratio  K  -ffg  :  1 ,  and  furthermore, 
separately  in  the  ratio  sin  9  :  1. 

The  mirrors  were  paired  and  put  in  position  according  to  the 
following  table : 

TABLE  III. 
Position  of  Mirrors. 


Po»itiofi. 

Mirrors. 

Mean  Constant  at  40* 

o 

6  and    7 

.81s 

ISA 

as    "    a4 

.8i> 

3oA 

9    **    M 

.83s 

45A 

15    **    19 

.798 

60A 

II      "      IS 

.837 

75A 

«     "      5 

.793 

15B 

so      "     81 

.818 

30B 

16    ■'    17 

.818 

45B 

2      "     9^ 

.«3o 

60B 

10     "     l8 

.8og 

75B                                                3    *'      8 

.803 

Constaot  of  Mirror  behind  Photometer  tit  laji*  =  .901. 

Some  care  and  skill  are  necessary  to  produce  a  uniform  coat- 
ing of  smoke  of  just  the  required  density.  I  have  found  it  con- 
venient to  use  a  sheet  iron  chamber,  fitted  with  a  suitable  flue, 
and  pierced  near  the  top  with  a  small  opening  for  the  introduc- 
tion of  the  glass.  This  chamber  must  be  placed  near  one  end  of 
the  photometer  bar  in  order  that  the  absorption  of  the  glass  may 
be  tested  as  frequently  as  may  be  necessary.  The  setting  of  the 
photometer  being  predetermined,  each  sector  is  smoked  until  it 
shows  the  required  absorption.  There  is  a  tendency  for  the  coat- 
ing to  form  most  heavily  near  the  edges  of  the  glass.     This  may 
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be  overcome  by  providing  a  guard  ring  of  glass  of  the  same 
thickness  as  the  piece  to  be  smoked,  the  whole  being  monnted  in 
a  convenient  holder.  The  beet  results  will  be  obtained  by  hold- 
ing tht  piece  of  glass  vertically  in  the  smoke  chamber,  occa- 
sionally reversing  the  piece.  Turpentine  is  a  good  combustible, 
but  it  must  be  introduced  into  the  receptacle  at  the  base  of  the 
chamber  in  small  quantities,  otherwise  the  combustion  will  be  so 
violent  as  to  produce  a  flocculent  deposit  on  the  glass. 

In  testing  the  glasses  it  i^  best  to  use  a  small  source  of  light, 
such  as  a  narrow  slit  in  front  of  a  straight  filament  glow-lamp. 
Any  inequalities  in  the  coating  of  smoke  can  be  detected  by  mov- 
ing the  glass  about  in  front  of  tins  opening,  care  being  taken 
that  the  same  plane  is  maintained.  It  will  be  seen  in  Fig.  2 
that  the  incidence  of  the  light  upon  the  glass  is  not  quite  nor- 
mal. Care  was  taken  to  maintain  this  same  incidence  in  the  ab- 
sorption tests. 

At  Jf,  is  shown  a  mirror  for  directing  the  light  from  the 
temporary  standard  to  the  photometer.  This  mirror  might  have 
been  omitted  had  not  the  limits  of  the  photometer  room  already 
been  taxed  to  the  utmost.  Still  better,  if  the  mirrors  were  from 
one  large  piece  of  glass,  the  direction  of  the  photometer  bar 
might  be  such  that  the  same  incidence  would  be  had  on  Ji/^  as 
upon  the  others.  In  this  case,  the  correction  for  the  mirror  ab- 
sorption would  be  eliminated. 

The  illumination  upon  the  arc  side  of  the  photometer  screen 
is,  of  course,  very  intense.  It  is  necessary  to  reduce  this  illumin- 
ation. For  this  purpose,  I  have  used  a  rotating  wlieel  w,  pro- 
vided with  a  large  number  of  narrow  radial  slots.  It  is  quite  es- 
sential that  the  number  of  open  slots  should  be  large,  as  other- 
wise the  illumination  on  tiie  photometer  screen  will  be  seen  to 
beat  or  pulsate  when  measurements  are  being  made  on  the  alter- 
nating arc.  In  order  to  avoid  the  error  found  by  Ferry*  I  have 
determined  the  constant  of  this  wheel  by  direct  experiment  on 
the  arc  itself,  and  not  by  calculation.  The  mean  of  several  de- 
terminations gives 

Transmission  constant  sectored  wheel  =  K^,  =  .090 

The  number  of  slots  in  this  wheel  is  48,  which  gives  a  fre- 
quency amply  great  at  the  normal  speed  of  the  motor  used  for 
driving  the  wheel. 

1.  Phynical  Review,  yoI.  i,  p.  888. 
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A  possible  Bource  of  error  is  the  diffusion  of  the  smoked  glass 
disk.  That  is  to  say,  since  the  disk  receives  a  certain  flux  of 
light  dependent  upon  the  solid  angle  which  it  subtends  from 
each  image  as  a  center  and  upon  the  intensity  of  such  image,  it 
becomes,  to  some  extent,  a  secondary  source.  The  direct  meas- 
urement of  this  is  a  matter  of  some  difficulty.  To  determine  if 
the  correction  for  this  diffusion  were  of  importance,  I  proceeded 
as  follows :  The  longitudinal  screen  %%'  was  removed,'  the  mirrors 
to  the  left  of  the  vertical  were  covered,  and  likewise  the  right 
half  of  the  sectored  glass  disk.  With  an  arc  of  ordinary  inten- 
sity in  the  center  of  the  mirror  system,  it  is  evident  that  the 
left  half  of  the  sectored  disk  receives  a  flax  of  light  about  equal 
to  that  which  it  would  normally  receive  with  the  longitudinal 
screen  in  position  and  the  mirrors  entirely  uncovered.  At  the 
same  time,  no  direct  light  from  the  images  falls  upon  the  pho- 
tometer screen.  Any  illumination  perceived  under  such  cir- 
camstances  would  be  due  to  the  diffusive  action  of  the  glass. 
'  As  a  matter  of  fact,  I  found  that  with  the  temporary  standard 
stopped  down  by  a  narrow  slit,  I  could  get  a  setting  in  this  way 
when  the  sectored  wheel  was  not  in  position,  but  when  this 
wheel  was  running  in  its  proper  place  the  correction  was  entirely 
negligible.  Hence  no  further  attempt  was  made  to  take  account 
of  it. 

The  distance  from  source  to  photometer  screen  is  large,  being 
nearly  nine,  metres.  As  the  incidence  of  the  light  from  the 
temporary  standard  is  the  same  as  that  from  the  arc,  no  correc- 
tion is  here  necessary. 

A  working  equation  may  be  developed  as  follows :  Let 

d^    =  distance  from  arc  to  photometer  screen. 
d^    =  distance  from  temporary  standard  to  photometer  screen. 
£q  =  reflection  constant  of  the  horizontal  mirror. 
£g  =  transmission  constant  of  clean  glasses. 
jff,  =  reflection  constant  of  mirror  on  glow  lamp  side. 
JS"^  =  transmission  constant  of  wheel. 
n,  n^z=z  number  of  mirrors. 

y*     =  factor  due  to  the  lack  of  normal  incidence. 
The  illumination  due  to  the  arc  is 


2KoIC,A\f^    7^  si 

i   =    =2 


sin  0 
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and  that  due  to  the  standard  of  intensity  I^ 

'•-  -or 

5  i  Equating  these  two  expressions,  we  have  for  the  mean  spher- 
ical intensity 

/m.  =  J^  ^     /fl  sin  d 


2  n  ^0 


5„ 


Similarly  for  the  mean  hemispherical 


/mh.  =  ^—,  >         /fl  sm  <? 
2  n  ^0  ' 


4  n'  Ko  Kg  K^  \dj 


With  the  following  numerical  values 

d^   =  865  cm.  n   =  12 


n'  =    7 

Ko  =  -812 

X,  =  .901 

Kg  =  .690 

^,=  .090 

These  equations  reduce  to 

/m.  =  1.17 

Cf)"^- 

/„to  =  2.01 

©'A 

which  are  the  working  equations  for  the  apparatus.  Values  of 
rf,  are  recorded  on  a  drum  in  a  manner  already  described  by  the 
writer.^     (See  Fig.  2.) 

Values  of     (-A)     are   obtained   by   laying  a  graduated  T- 
1.  Physical  Bevieto,  7ol.  vii,  p.  289,  1898. 


Digitized  by  VjOOQLC 


688 


MATTHEWS  ON  PHOTOMBTRT. 


[Sept.  IT 


t 


I 

c 


C 

o 


£ 

c 

u 

1 

c 

a 

1 

I 
d 


-8 


Bqaare  on  the  records  obtained  on  the  rtcord- 
ing  drum.  A  single  covering  on  the  dmm 
suffices  for  the  record  of  many  tests.  The 
records  may  then  be  worked  out  at  the  leis- 
ure of  the  operator.  These  records  have 
always  the  same  general  characteristics, 
namely,  many  settings  close  together  with 
scattered  settings  at  each  end.  Figure  5  is 
a  specimen  record,  and  shows  the  usual 
range  of  fluct nation.  The  number  of  set- 
tings here  is  30.  This  large  number  is  nec- 
essary because  of  the  fluctuations  in  the  in- 
tensity of  the  arc,  even  with  the  steadying 
effect  peculiar  to  the  multiple  mirror  method. 
With  hand  fed  arcs,  a  smaller  number  will 
suffice  to  give  a  value  representative  of  the 
average  performance  of  the  arc.  For  the 
distribution  curves,  it  suffices  to  uncover  the 
mirrors  in  pairs  and  make  settings  in  the 
usual  way.  The  appropriate  mirror  constants 
must,  of  course,  be  used  in  working  up  the 
results. 

As  a  check  on  the  accuracy  of  the  integrat- 
ing method  as  compared  with  the  usual  me- 
thod, I  give  the  results  of  a  test  on  an  arc 
of  the  enclosed  type.  The  value  obtained 
from  the  Kousseau  diagram  is  308.  That 
by  the  method  described  in  this  paper,  319. 
This  agreement  is  within  3.4  per  cent.  When 
one  considers  the  difficulty  in  maintaining 
an  automatic  feed  arc  under  constant  con- 
ditions during  the  time  required  to  take  the 
distribution  curve,  this  must  be  considered  as 
a  very  satisfactory  agreement. 

APPENDIX. 


The   product   of   the   intensity   /  and  the 
area  of  an  elementary  zone  of  radius  r  is 


J^d  S  =  If^X 


2nr  Bdd 
=  2  71  IP  Iff  ^md  dO. 
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The  mean  spherical  intensity  is 


1q  Bin  d  d  d 


The  graphic  method  due  to  Rousseau  is  shown  in  Fig.  6, 
O  ab'is  the  myen  distribution.  Draw  a  semi-circle  of  conven- 
ient radius,  x^roject  on  the  vertical  o  d  the  points  A,  k.  At  f, 
jf,  lay  off  the  corresponding  intensities  /i,  /j.     The  area  c  m  np  d 


?S|S= 

wf^^asstMm^Km^ssmmmmm 

lUPf-^  'y 

Y-  - 1.1. i . 

fei|:=: 



\     *•                '•-/                     « 

r 

Pio.  6. 


may  be  taken  with  a  planimeter.     This  area  divided  by  the  bape 
c  d  gives  the  mean  spherical  intensity,  for 


d  8  sin  0^^  d  ' 
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DlROUASION. 

The  Prbsidbnt  ; — Gentlemen,  we  have  listened  to  a  very  in- 
teresting paper  by  Dr.  Matthews  describing  a  simplified  method 
for  photometrically  determining  arc  lamps.  I  am  quite  sure 
there  are  many  amongst  you  who  are  interested  in  the  topic  of 
photometry,  especially  of  arc  lamps,  and  who  have  given  this  mat- 
ter a  good  deal  of  attention,  so  I  hope  that  we  shall  have  a  very 
animated  and  interesting  discussion. 

I  know  that  Dr.  Sharp  has  giyen  the  matter  of  photometry  a 

food  deal  of  attention.  We  should  be  very  glad  to  hear  from 
im. 

Discussion  is  now  in  order. 

Db.  Clayton  H.  Sharp  :-I  think,  Mr.  President,that  everybody 
engaged  in  the  electric  lighting  business  in  any  way  is  very 
greatly  indebted  to  Dr.  Matthews  for  the  work  that  he  has  done 
m  this  extremely  troublesome  subject  of  arc  light  photometry. 
As  Dr.  Matthews  said  in  the  opening  of  his  remarks,  the  subject 
has  rather  fallen  into  disrepute ;  but  that  is  probably  the  fault  of 
the  very  imperfect  methods  which  it  has  been  necessary  to  follow 
in  the  past.  The  improvement  which  has  been  described  in  this 
paper  is  an  enormous  one.  The  apparatus  is  of  a  comparatively 
simple  nature  and  enables  us  to  do  what  it  has  been  almost  im- 
possible to  do  before ;  that  is,  to  get  truly  reliable  and  close 
measurements  on  arc  lamps. 

I  wish  to  ask  Dr.  Matthews  if  he  has  made  any  experiments 
which  would  indicate  that  it  is  possible  to  substitute  for  the  rotat- 
ing sectored  disk  a  sheet  of  glass  smoked  after  the  method  which 
he  has  described.  Might  not  such  a  sheet  of  gla?s  serve  for  cut- 
ting down  the  intensity  of  the  light  in  a  simple  and  equally 
effective  ^lethod  ?  And  I  should  like  to  inquire  also  if  a  reduced 
copy  of  this  same  arrangement  could  not  be  made  which  would 
be  equally  applicable  to  the  determination  of  the  mean  spherical 
candle  power  of  the  incandescent  lamp  by  means  of  one  measure- 
ment. 

Db.  Matthews:— I  can  say,  in  reply  to  Dr.  Sharp,  that  it  is 
quite  possible  to  cut  down  the  li^ht  by  means  of  the  smoked 
glass  and  do  away  with  the  rotating  sectored  disk.  There  is 
nothing,  of  course,  to  prevent  your  smoking  the  horizontal  sector 
auite  heavily ;  then  the  others  in  a  sine  ratio.  In  that  case  you 
do  away  with  the  necessity  of  using  the  rotating  disk.  It  is  bet- 
ter, probably,  to  use  the  smoked  glas3,  and  I  may  say  that  I  have 
done  so  with  entire  success.  I  Iiave  also  in  the  laboratory  just 
the  device  that  Dr.  Sharp  speaks  of,  a  miniature  equipment  like 
this  for  incandescent  lignt  photometry.  Of  course,  when  one 
eomes  to  the  photometry  of  incandescent  lights,  ho  no  longer  has 
to  deal  with  a  source  whose  photometric  surface  is  one  of  revolu- 
tion. By  that  I  mean  that  the  distribution  of  intensity  through 
any  given  vertical  plane  is  not  the.  same  as  that  through  any 
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other  vertical  plane.  With  the  are,  the  average  diBtribution  is 
constant  in  all  vertical  planes.  Hence,  with  the  incandescent 
lamp,  one  must  spin  the  lamp  to  get  the  mean  effect.  The  little 
instrument  that  I  have  operating  in  my  laboratory  for  glow  lamp 
work  is  provided  with  a  rotator,  and,  except  that  I  use  smokea 
glass  for  cutting  down  light  instead  of  the  rotating  sectored  disk, 
18  exactly  like  this  apparatus  described  here.  In  the  case  of 
incandescent  lights,  there  is  not  the  necessity  of  cutting  down 
the  intensity  that  there  would  be  in  the  case  of  the  arc,  so  I  pre- 
sume that  answers  theguestion. 

The  Pbesident : — Well,  gentlemen,  I  am  sure  there  is  more 
to  be  said  on  this  subject,  and  I  should  like  to  hear  something 
further. 

Mr.  C.  J.  Spencer: — I  would  ask  about  the  difference  be- 
tween the  distribution  of  candle  power  in  the  alternating  current 
and  direct  current  lamps,  I  understand  there  is  a  difference. 

Dr.  Matthews  : — Yes ;  there  is  a  very  marked  difference,  of 
course.  Perhaps  I  can  indicate  it  on  the  board.  The  upward 
lobe  of  light  from  the  alternating  arc  is  the  same  as  the  down- 
ward lobe,  whereas  from  the  direct  current  lamp  the  downward 
lobe  is  much  greater  than  the  upward,  assuming  the  positive  car- 
bon to  be  above.  However,  with  an  enclosed  arc  you  cannot  predict 
what  the  distribution  is  going  to  look  like.  I  think,  perhaps,  that 
the  curves  I  published  two  years  ago  in  the  National  Llectnc  Light 
Association's  report  bring  that  point  out.  The  contour  and 
density  of  the  opalescent  globes,  and  the  presence  of  reflecting 
surfaces  in  the  lamp,  modify  the  distribution.  If  you  look  at 
that  report  you  will  be  struct  by  the  fact  that  there  seems  to  be 
no  very  uniform  type  of  distribution.  However,  when  we  take 
the  mean  of  all  these  curves  from  different  lamps — twenty  or 
twenty-five  of  them — we  get  a  very  smooth  and  regular  curva- 
ture which  may  be  taken  as  characteristic,  I  think,  of  the  en- 
closed arc  lamp. 

Mr.  George  T.  Hanchktt  : — Dr.  Matthews  has  rescued 
arc  light  photometry  from  one  of  the  worst  starts  any  system  of 
measurement  ever  had.  I  have  no  doubt  that  we  all  remember 
the  day  when  they  used  to  add  north,  south,  east  and  west  candle 
power  together  to  make  up  2,000,  and  this  certainly  is  quantita- 
tive, to  say  the  least.  If  I  understand  Dr.  Matthews's  apparatus 
correctly,  it  seems  to  me  subject  to  a  great  deal  of  refinement 
when  the  necessary  facilities  are  at  hand  for  constructing  some- 
thing more  elaborate.  Dr.  Matthews  has  had  to  experiment  with 
flat  pieces  of  glass  because  he  could  get  them,  and  he  chose  a 
a  large  number  of  them  to  make  the  sig'ma  equations  as  nearly 
as  possible  represent  the  integral  sign.  Now  it  seems  to  me  that 
this  method  is  of  sufficient  value  to  justify  the  attempt  to  make  a 
mirror  which  shall  be  the  frustum  oi  a  cone  instead  of  the  frustum 
of  a  pyramid.  From  Dr.  Matthews's  results  as  to  the  absorption 
of  the  different  methods  and  from  his  statements  it  appears  that 
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the  same  piece  of  glaes  produces  substantially  the  same  absorp- 
tion, and  as  the  mirror  was  all  of  one  piece,  of  course  this  error 
would  be  corrected  and  the  necessity  for  the  sectors  of  variable 
absorption  in  front  of  the  screen  would  be  done  away  with,  and 
the  continuous  surface  of  the  mirror  would  make  the  number  of 
mirrors,  as  you  might  say,  intinite,  and  the  result  correspondingly 
refined.  We  can  twist  glass  into  some  vei7  intricate  shapes  for 
cases  where  the  demand  is  very  pmall.  In  this  case,  it  seems  to 
me  that  the  demand  is  such  that  we  ought  to  get  conical  mirrors. 

Dr.  Matthews  : — There  is  one  serious  objection,  of  course,  to 
that.  As  soon  as  you  depart  from  a  plane  mirror  you  get  a 
focusing  mirror.  I^ow  all  these  mirrors  do  is  to  give  you  the 
effect  of  24  arc  lights  instead  of  one.  If  you  used  a  curved  mir- 
ror you  would  have  a  focusing  effect,  and  what  you  would 
measure  would  be  not  intensity  of  light  but  flux  of  light.  You 
would  be  collecting  the  flux  of  light  and  concentrating  it.  It  is 
just  like  using  a  lens  instead  of  a  piece  of  plain  glass. 

Mr.  Hanchett:— Do  1  understand  that  holds  true  of  a  ruled 
surface,  one  on  which  a  straight  line  may  be  drawn  ?  When  a 
surface  is  curved  and  has  curvature  in  three  directions  I  can  see 
where  it  might  make  some  difference;  but  it  seems  to  me  it  is 
simply  a  case  of  multiplying  the  number  of  mirrors.  As  long 
as  you  take  the  plane  mirrors  you  can  multiply  them  indetinitely 
according  to  the  theory,  if  I  understand  it  correctly.  It  is  simply 
carrying  it  to  the  limit. 

Dr.  Matthews: — Not  quite;  you  cannot  go  above  a  certain 
size,  unless  you  increase  the  size  of  your  diameter.  You  must 
see  as  you  stand  at  the  photometer,  in  each  mirror,  the  image  of 
the  lamp  in  its  entirety.  Now  if  you  multiply  the  number  of 
mirrors  and  do  not  increase  the  diameter  of  your  ring,  then  you 
will  see  only  part  of  the  lamp  in  each  mirror.  Of  course  that 
won't  do.  So  really  we  do  not  need  to  think  of  the  mirror  at 
all.  It  is  simply  as  if  we  had  an  <xtq  lamp  for  6ach  mirror,  but 
set  at  different  angles.  Now  as  you  increase  the  number  of  the 
mirrors,  you  would  have  to  increase  the  diameter  of  the  ring  in 
order  that  you  could  still  see  in  each  mirror  the  complete  lamp. 
I  think  I  am  right  about  that. 

Mr.  Hanche-it  : — The  effect  on  the  screen  is  the  joint  effect  of 
all  those  reflections,  and  it  seems  to  me  the  light  from  the  coni- 
cal mirror,  even  if  it  be  a  reflected  image,  ought  to  blend  the 
results  together  in  the  same  way. 

Dr.  Sharp  : — There  is  anotlier  difliculty  connected  with  that 
proposition,  and  that  is,  it  would  be  necessary  for  the  smoking 
on  the  glass  to  be  so  graduated  as  to  cut  down  the  luminous  in- 
tensity proportionately  to  the  sine  of  the  angle,  continuously  ;  a 
hard  thing  to  get. 

Mr.  Hanchett  : — That  would  be  impossible,  of  course. 

The  President  : — Gentlemen,    the  arrangement  devised  by 
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Dr.  Matthews  essentially  consists  in  taking  a  simnltaneons  read- 
ing of  the  intensity  of  the  arc  lamp  in  tlie  different  directions 
and  by  the  method  described,  by  smoking  the  glass,  integrating 
individual  readings  after  multiplying  by  the  sine.  Here  is  one 
point  that  rather  appears  to  me  somewhat  complicated  ;  that  is, 
the  necessity,  of  having  the.  screen  smoked  exactly  to  a  certain 
intensity  oi  absorption.  That  can  be  done  in  the  laboratory, 
but  it  is  rather  a  delicate  task.  1  believe  it  would  be  prefer- 
able if  some  method  could  be  devised  for  doing  this  multipli- 
cation of  the  individual  intensities  before  integration,  mechanic- 
ally, and  not  by  absorption. 

There  is  another  question  I  would  like  to  ask  Dr.  Matthews. 
How  would  it  operate  if  the  mirrors  were  replaced  by  white  sur- 
faces, to  measure  the  illumination,  as  a  secondary  source  of  light; 
that  is,  instead  of  a  circle  of  reflecting  mirrors  have  a  circle  of 
white  disks,  and  measure  the  total  illumination  coming  from 
these  disks? 

Db.  Matthews  : — I  think  we  would  then  run  into  this  very 
same  difficulty  I  have  spoken  of,  that  we  would  be  measuring 
this  light  flux,  or  what  is  sometimes  called  a  quantity  of  light. 
In  other  words,  it  would  be  a  question  of  how  big  these  white 
surfaces  were,  since  by  making  them  smaller  or  larger  we  could 
get  a  different  effect  at  the  photometer.  In  other  words,  the 
white  surface  simply  diffuses  the  light.  The  effect  that  you  are 
going  to  get  at  the  photometer  would  be  dependent,  I  think, 
on  the  size  of  the  diffusing  surface. 

Thb  Jt*BEsiDENT : — But,  again,  shouldn't  you  expect  if  you  have 
wliite  surfaces  at  unit  distance  from  the  arc  lamp  and  collect 
the  total  light  flux  issuing  from  those  white  surfaces,  that  you  could 
from  this  reduce  to  the  intensity  of  the  source  of  light  ? 

Dk.  Matthews  : — I  think  it  would  be  possible.  Only,  then 
we  would  have  to  take  into  account  the  dimensions  of  the  white 
surfaces.  That  is  really  the  principle  of  Blondel'slumenmetre. 
It  is  based  on  the  principle  of  collecting  a  certain  portion  of 
the  flux  of  the  light  and  concentrating  it  upon  the  photom- 
eter screen.  But  you  have  to  know  the  relation  between 
the  diffusion  of  a  definite  surface  and  the  quantity  of  light 
which  that  surface  receives,  and  it  is  this  fact  which  compli- 
cates Blondel's  apparatus.  That  is  the  very  effect  that  I 
attempted  to  avoid  by  using  plane  mirrors.  We  cannot,  it  seems 
to  me,  too  clearly  understand  that  the  mirrors  do  not  need  to  be 
thought  of  in  the  apparatus  at  all.  It  is  just  as  if  the  mirrors 
were  not  there.  You  have  simply  24  arc  lamps  turned  at  differ- 
ent angles.  That  is  the  aspect  as  you  stand  at  the  photometer 
and  look  towards  the  system.  You  do  not  really  see  any  mirrors. 
You  see  24  arc  lamps.  They  are  tipped  up  at  various  angles 
just  as  this  picture  shows,  and  especially  Fig.  4,  which,  I  thmk, 
shows  it  very  well.  They  are  arranged  in  a  hemi-circle,  in 
order  that  the  photometric  condition  may  be  the  same  for  all. 
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The  Pbbsidbnt  : — By  usin^  the  same  light-reflecting  surfaces 
for  the  standard  source  of  light  also,  would  not  that  eliminate  all 
the  difliculties  with  the  coefficient  of  diffusion  of  the  white  sur- 
faces ?  Assuming  that  you  do  not  compare  directly  the  arc  lamp 
with  your  standard  incandescent  lamp,  or  whatever  it  is,  but 
compare  the  light  diflnsed  from  a  number  of  white  surfaces  at 
some  distance  from  the  arc  in  a  circle  around  it,  and  the  light 
issuing  as  diffused  light  from  the  white  surfaces  cut  from  the 
same  material  at  a  certain  distance  from  the  standard  lamp,  would 
not  that  eliminate  the  constants  of  diffusion,  absorption,  etc.?  The 
reason  I  refer  to  that  is  this :     It  appears  to  me  it  would  make  it 

f)0ssible  to  eliminate  the  adjustment  for  the  sine  of  the  angle  by 
laving  the  area  of  these  white  diffusing  surfaces  proportional  to 
the  sine  of  the  angle.  While  we  then  have  to  bring  into  the  cal- 
culation the  dimensions  of  the  apparatus,  it  seems  to  me  we  could 
eliminate  all  coefficients  of  absorption,  etc.  I  do  not  know 
whether  that  would  be  feasible,  but  I  should  like  to  hear. 

Dr.  Matthews  : — I  think  it  is  feasible  in  part,  but  there  is  one 
serious  objection.  That  is,  that  you  have,  in  the  usual  photo- 
metric process  to  move  either  the  photometer  or  the  standard  light. 
Now,  as  you  move  the  photometer,  you  of  course  change  the 
solid  angles  which  each  one  of  those  surfaces  subtends.  Jt  can  easily 
be  seen  that  that  would  complicate  matters.  In  the  use  of  a  dif- 
fusing surface,  the  effect,  of  course,  is  dependent  on  the  dimen- 
sions of  the  surface,  since  it  is  a  question  of  how  much  flux  that 
diffusing  surface  receives  from  the  source,  and  an  apparatus  con- 
structed on  the  plan  that  the  President  suggests  would  have  to 
take  account  of  these  dimensions.  Now,  it  we  are  to  eliminate 
the  size  of  this  by  having  the  same  state  of  affairs  around  the 
standard  lamp,  it  is  diffcult  to  see  what  we  would  do  when  we 
have  to  move  the  standard. 

The  President:— Couldn't  you  get  over  this  difficulty  by  not 
moving  the  standard  lamp,  but  moving  the  point  of  observation 
between  the  two?  Then  both  distances  will  change,  but  you  can 
get  over  the  whole  range  then. 

Dr.  Matthkws  : — I  would  not  attempt  to  say  that  it  is  not 
possible,  although  I  am  afraid  that  the  complications  would  be 
even  worse  than  they  are  in  the  device  that  I  have  described. 

Dr.  Sharp  : — 1  would  like  to  suggest,  in  regard  to  the  Presi- 
dent's proposition,  that  if  we  had  a  lot  of  diffusing  surfaces  re- 
ceiving light,  they  would  throw  light  one  upon  the  other,  and 
we  would  receive  from  each  surface  not  only  a  certain  definite 
fraction  of  the  light  which  it  receives  from  the  sodrce  proper, 
but  also  a  considerable  luminous  flux  which  is  due  to  secondary 
reflections,  reflections  from  the  other  diffusing  screens.  That  is 
entirely  done  away  with  in  the  case  of  the  plane  mirrors  prop- 
erly constructed. 

Th£  President  : — I  think  you  might  get  around  that  even  by 
having  one  diffusing  surface  revolved  around  the  light  and  giv- 
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ing  it  Buoh  a  motion  that  the  ant^le  of  incidence  will  var3\  The 
reason  why  I  refer  to  this  is  that  as  a  rule  it  is  much  easier  out- 
side of  the  laboratory  to  determine  mechanical  dimensions, 
distance  and  size  than  it  is  to  measure  coefficients  of  absori3tion. 
So  that  where  you  do  not  have  the  facilities  of  the  laboratory  at 
hand,  any  way  of  eliminating  the  necessity  of  determining  co- 
efficients of  absorption  and  adjusting  them  is  det'irable.  kWi 

Mb.  Hanchett: — I  should  like  to  ask  about  the  mean  diameter 
of  this  frustum  of  a  pyramid  forming  the  mirror. 

Dr.  Matthews  : — About  six  feet.  I  thought  I  could  give  you 
the  exact  measurement,  but  I  am  afraid  I  cannot.  The  total  dis- 
tance is  865  centimetres,  and  the  diameter  is  not  less  than  two 
metres. 

Mb.  Hanchett:  — It  is  rather  difficult  to  revolve  a  plane  sur- 
face in  such  a  circle  as  that,  is  it  not  ? 

Dr.  Matthews  : — Yep. 

Mb.  Woodward  : — 1  shbuld  like  to  ask  in  regard  to  that  dia- 
gram. Those  numbers  are  made  up,  as  I  understand  it,  from 
readings  taken  at  stated  intervals  of  time,  are  they  not? 

Dr.  Maithews:— Yes. 

Mr.  Woodward: — Has  tliere  ever  been  any  attempt  made  to 
have  a  st4f- registering  record'^ 

Dr.  Matthews  : — I  am  afraid  there  never  will  be  anything  but 
the  human  eye  to  fix  those  values. 

Mr.  Woodward  : — Could  not  the  selenium  cell  be  used  ? 

Db.  Matthews  : — That  has  been  attempted,  but  the  question 
is,  of  course,  with  the  selenium  cell,  what  is  its  relation  to  the 
eye?  Tie  selenium  cell  and  photographic  effects  and  all  other 
effects  differ  from  the  physiological  effect. 

Mr.  Woodward: — The  thought  in  my  mind  was  that  there 
might  be  some  fixed  relation  between  the  two,  and  by  makin 
the  comparison  to  start  with,  you  then  would  have  a  record  t 
look  back  to  and  save  tiie  time  of  the  observer. 

Dr.  Matthews  : — Yep,  one  would  naturally  think  of  that.  Of 
course,  though,  such  a  calibration  would  have  to  be  made  for 
every  different  source  that  was  used,  for  I  think  the  quality  of 
the  radiation  would  affect  it. 

The  President:— Gentlemen,  if  there  is  no  further  discussion 
we  are  through  with  the  topic  of  tonight's  programme.  The 
next  meeting  will  be  October  25th,  and  we  expect  then  to  intro- 
duce a  mcjdifieation  of  our  present  custom;  that  is,  to  have  not 
one  paper  but  several  short  papers  dealing  with  the  same  topic 
and  have  these  papers  printed  and  distributed  several  days  be- 
forehand, so  that  the  paper  will  not  need  to  be  read  in  totOy  but 
only  in  abstract,  thereby  giving  more  time  for  discussion,  and  I 
expect  that  we  shall  have  a  very  complete  discussion  then,  since 
there  will  be  several  papers  treating  on  the  same  matters.  The 
subject  will  be  announced  in  due  time. 


Digitized  by  VjOOQIC 


696  MATTUBW8  ON  PUOTOMBTRY.  [Sept.  »7 

[Communicated  after  Adjournment  by  A.  E.  Kennelly.] 

Professor  Matthews's  interesting  paper  illustrates  the  impor- 
tance in  practical  photometry  of  employing  an  apparatus  which 
at  a  single  observation  will  supply  the  mean  splierical  candle 
power  of  a  source  of  light.  This  is  a  somewhat  difficult  problem 
when  the  source  of  light,  instead  of  being  a  small  crater,  as  in 
the  simple  voltaic  arc,  or  within  a  relatively  small  space,  as  in 
the  incandesceut  lamp,  occupies  a  large  volume,  as  in  a  globe- 
covered  arc  lamp.  Professor  Matthews's  solution  of  the  problem 
in  this  case  consists  in  mounting  in  a  vertical  circle  containing 
the  lamp  a  series  of  mirrors  at  15^  angular  intervals,  of  such 
size  to  throw  light  upon  the  photometer  screen  from  24  parts  of 
the  lamp  globe  (or  22  parts  in  practice  since  the  top  and  bottom 
mirrors  can  be  omitted),  and  inserting  an  absorbent  screen  in  the 

{>ath  of  each  mirror,  in  such  a  manner  as  to  absorb  the  reflected 
ight  in  proportion  to  the  cosine  of  the  altitude.  As  this  gives 
rise  to  a  2'2-fold  reflection,  with  a  resultant  total  reflection  of 
about  15-fold  intensity  on  the  photometer  screen,  a  sectored  re- 
volving disk  is  used  to  subdue  the  measured  illumination.  Al- 
though the  preparation  and  adjustment  of  such  an  apparatus  must 
be  somewhat  laborious,  there  can  be  no  doubt  of  the  advantage 
which  accrues  from  the  use  of  the  apparatus  once  in  adjustment, 
since  a  single  observation  givesacloseapproximation  to  the  mean 
spherical  candle  power,  and  therefore  to  the  total  emission  of 
light. 

In  the  comparison  of  light  sources  the  spherical  candle-power 
is  the  only  reliable  basis.  Just  as  mean  horizontal  candle-power 
is  a  fairer  basis  of  comparison  than  horizontal  candle-power  in  a 
single  direction,  so  spherical  candle-power,  or  total  light  emission 
is  a  fairer  basis  of  comparison  than  mere  mean  horizontal  candle- 
power,  or  light  emission  in  a  horizontal  band.  At  the  same  time 
it  seems  doubtful  whether  it  would  be  advisable  to  rate  lamps 
commercially  in  terms  of  spherical  candle-power.  The  mean 
spherical  candle-power  of  an  incandescent  lamp  is  usually  from 
8n  per  cent,  to  90  per  cent,  of  its  mean  horizontal  candle  power, 
while  in  an  arc  lamp  it  is  commonly  from  0  per  cent,  to  100  per 
cent,  in  excess  of  the  mean  horizontal  candle  power,  but  only 
80  per  cent,  to  60  |x?r  cent,  of  the  maximum  candle-power,  upon 
which  the  rating  is  ordinarily  based.  Consequently,  to  change 
the  rating  of  lamps  to  the  basis  of  mean  spherical  candle-power, 
although  a  gain  in  relative  accuracy,  would  be  commercially  ob- 
jectionable, because  it  would  diminish  incandescent  lamp  ratings 
about  15  per  cent.,  and  arc-lamp  ratings  about  5U  per  cent.  The 
change,  moreover,  would  be  likely  to  bring  about  confusion  be- 
tween the  two  diflEerent  ratings.  It  would  seem  preferable  to 
refer  spherical  candle-power  measurements  to  the  amount  of  light 
emitted.  Since  a  unit  spherical  candle-power  represents  4ff 
lumens  of  light  emitted,  a  spherical  Hefner  means  12.566  Hefner 
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lumens  emitted,  a  spherical  British  candle-power  12,666  British 
lumens,  and  so  on.  Consequently,  a  16-candle  power  incandes- 
cent lamp,  instead  of  being  reckoned  as  a  lamp  of,  say  13.6 
mean  British  spherical  candle-power,  would  be  a  lamp  of  170.9 
British  lumens,  and  if  consuming  50  watts  would  have  a  light 
eflSciency  of  3.418  British  lumens  per  wutt.  Similarly,  an  arc- 
lamp  of  1 ,200  maximum  British  candle-power,  instead  of  beine 
rated  as  of,  say  600  mean  British  spherical  candle-power,  would 
be  a  lamp  of  7,540  British  lumens,  and  if  consuming  460  watts 
its  light  eflSciency  would  be  16.75  British  lumens  per  watt. 
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AMERICAN   INSTITUTE   OF  ELECTRICAL 
ENGINEERS. 

New  York,  Oct.  25, 1901. 
The  meeting  of  the  Institui'b  was  held  this  date  at  12  W.  Slst 
street,  and  was  called  to  order  by  President  Steinmetz  at  8:25  p.  m. 
Tjbb  President  : — Gentlemen,  will  the  meeting  come  to  order. 
I  give  the  floor  to  Mr.  Pope,  the  Secretary,  to  make  some  an- 
nouncements. 

Secbbtart  Pope  : — Mr.  President,  at  the  meeting  ot  the 
Executive  Committee  and  the  Board  of  Directors  this  afternoon, 
twenty-six  associate  members  were  elected.  Their  names  are  as 
follows  : 


Name 

Abbott,  William  L. 


Address 


Chief  OperatingEQgineerChicago 
Edison  Co.,  189  Adams  St.; 
residence,  8218  Beacon  St., 
Chicago.  111. 

Alverson,  Harry  Babtlett  SuperiDtendent,  Cataract 
Power  and  Conduit  Co. ;  resi- 
dence, 40  Court  St.,  Buffalo, 

N.Y. 

Atkiks,  Chaklbs  Gilman  Engineer  on  Power  Business, 
Chicago  Edison  Co..  189 
Adams  St.,  Chicago,  111. 

ATSI1780N,  WiLLARD  S.  Elcctrical  Engineer  and  Faetory 
Manager,  Zindars  &  Hunt;  R. 
F.  D.  No.  5,  New  Brunswick. 
N.J. 

Bambbb,  William  Childs  Electrical  Engineer.  Rapid 
Transit  Subway  Construction 
Co.;  residence,  380  W.  57th 
St..  New  York  City. 

Bbnnbtt.  Willard  S.  The 8.*S.  White  Dental  Mfg.  Co., 
New  York  City;  residence, 
Charles  Place,  Elmhurst,  N.Y. 


BaowN  Robert  O. 


Electrician,   158   Montague  St., 
Brooklyn,  N.  Y. 
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Endorsed  by 

James  Lrman. 
Samuel  Insull. 

C.  M.  Wilkes. 

D.  C.  Jackson. 
H.  W.  Buck. 
H.  G.  Stott. 

James  Lyman. 
Samuel  Insull. 
C.  M.  Wilkes. 

W.  C.  Andrews. 
W.  D.  Weaver. 
T.  C.  Martin. 

L.  B.  Stillwell. 
W.  B.  Potter. 
T.  D.  Boyles. 

H.V.A.Parsell.Jr. 
George  H.  Guy. 
T.  J.  Smith. 

T.  D.  Lockwood. 
P.  B.  Delany. 
A.  A.  KnudsoD. 
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ASSOCIATES  BLEOTBD. 


[Oct  85 


BuNKEE,  Arthub  CLIFFORD      Engineering    Department,  J.  F.  Kelly. 

Stanley    Electric    Mfg.    Co.,  C.  C.  Chesnej. 

288    Crocker    Building,    San  D.  B.  Busfamore. 
Francisco ;     residence,     1(K>4 
Central  Ave.,  Alameda,  Cal. 

Carltok,Wii^lardGilbir7    Assistant  to  Chief  Operating  James  Lrman. 
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The  President: — Gentlemen,  members  of  the  Institute  and 
guests,  the  topic  of  to-night's  discussion  is  the  speed  regulation 
of  alternators,  or  rather  the  speed  regulation  of  prime  movers,  in 
its  relation  to  the  parallel  operation  of  alternators.  We  have  a 
number  of  papers,  the  principal  one  by  Mr.  Keilholtz,  on  Angu- 
lar Variation  in  Steam  £ngines,  and  several  shorter  papers  from 
a  number  of  gentlemen  familiar  with  this  subject,  who  will  give 
us  their  experience.  Consequently  we  have  strictly  to  limit  the 
time,  and  it  has  been  decided  to  permit  tifteen  minutes  for  the 
abstracting  of  the  main  paper,  ten  Jiiinntes  for  each  successive 
paper  and  five  minutes  for  discussion.  The  various  papers  will 
now  be  presented. 
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ANGULAR  VARIATION  IN   STEAM  ENGINES. 


BY    P.    O.    KEILHOLTZ. 


Iktroduotion. 

The  following  inyeetigation  was  undertaken  with  the  view  of 
determining  the  angular  variation  of  a  29  x  60  x  56  cross  compound 
vertical  engine  built  by  Mcintosh,  Seymour  &  Co.,  Auburn, 
N.  Y.,  and  direct  connected  to  a  m.  p.  22-2000-100,  500- volt 
.  railway  generator  built  by  the  General  Electric  Co.  It  is  under- 
stood of  course  that  the  variation  of  angular  velocity  does  not 
interfere  with  the  successful  parallel  operation  of  direct  current 
generators,  but  as  the  variation  is  caused  by  the  engine,  it  is 
immaterial  to  this  investigation  as  to  the  type  of  apparatus 
driven. 

The  paper  is  divided  into  two  parts,  theoretical  and  experi- 
mental. In  the  former  part  I  have  consulted  and  appropriated 
from  papers  written  by  the  late  Prof.  Fleeraing  Jenkin,  Trans- 
actions of  the  Royal  Society  of  Edinburgh^  vol.  xxviii.,  1879  ; 
and  J.  H.  Macalpine,  Esq.,  Journal  of  the  American  Society  of 
Naval  Engineers^  vol.  ix..  No.  3.  There  is,  however,  suffi- 
cient originality  to  warrant  giving  the  theoretical  part  in  full. 

I  have  been  informed  that  the  angular  variation  of  an  engine 
has  been  measured  by  driving  a  small  direct  current  generator 
from  the  rim  of  the  fly-wheel  of  the  engine  and  balancing  the 
B.  M.  F.  of  the  genemtor  by  a  storage  battery.  A  voltmeter  with 
a  minimum  amount  of  damping  was  then  connected  across  the 
terminals  of  the  generator  and  the  deflection  read.  This  would 
Bhow  the  total  velocity  variation  of  the  fly-wheel  from  which  the 
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space  variation  with  a  wheel  revoIviDg  at  constant  speed  could 
be  calculated. 

As  before  stated,  it  was  intended  to  measure  the  angular  yaria- 
tion  of  the  29x60x56  yertical  cross-compound  engine,  but  owing  to 
the  fact  that  the  engine  cannot  be  spared  at  the  present  time, 
the  measurement  was  made  upon  a  24  x  45  x  42  horizontal  tan- 
dem compound  engine  built  by  Mcintosh,  Seymour  &  Co.,  and 
direct  connected  to  a  m.  p.  10-800-100  500-volt  railway  genera- 
tor built  by  the  General  Electric  Company.  The  peripheral 
speed  of  t\^Q  fly-wheel  rim  of  the  vertical  is  90  feet  per  second, 
and  the  tandem  83|  feet  per  second.  The  difficulties  of  measure- 
ment would  be  practically  the  same,  although  the  space  variation 
of  the  vertical  would  be  less  than  the  tandem.  The  curves  of 
turning  moments  of  both  engines  are  given,  together  with  curves 
of  velocity  and  space  variation,  and  it  is  my  intention  to  measure 
the  space  variation  of  the  vertical  engine  when  the  engine  can 
be  spared  for  the  purpose. 

The  data  for  the  curves  of  steam  and  inertia  turning  momenta 
for  the  vertical  engine  are  given  in  Tables  X  and  XI.  Table 
X  is  formed  from  equations  4  and  25,  the  substituted  values 
giving 

:^  ai«  r«  [-f  .06  sin  »  —  .5  sin  2  »  —  .15  sin  3  »  —  .01  sin  4  ^] 

9 

and 

:?  cjt  r  [—.0025  sin  »— .296  sin  2  ^—.0975  sin  3  »— .0047  sin  4  tf] 
9 

The  running  parts  were  carefully  weighed,  and  are  as  follows : 

Low  pressure  piston,  rod  and  nut  weighed 8330     lbs. 

High       ••  "         ••      "      *  "  1988.5    " 

Connecting  rod  complete,  high  and  low,  each 2tf44      " 

Croashead  **  "       ' 1203.5    " 

High  pressure  crank  leads  90° 

The  moment  of  inertia  of  the  connecting  rod  about  its  center 
of  gravity  was  obtained  experimentally.  The  rod  was  swung 
about  an  axis  which  passed  through  the  center  of  the  wrist  pin. 
A  semi-circular  wooden  block  to  which  was  fastened  a  metal 
plate  was  inserted  in  place  of  the  wrist  pin,  the  whole  resting 
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npon  the  edge  of  a  4  x  4  angle.  The  moment  of  friction  could 
be  neglected  aa  the  amplitude  of  the  vibration  was  less  than  one 
inch.  In  this  way  its  length  as  an  equivalent  simple  pendulum 
was  obtained.  The  distance  of  the  center  of  gravity  from  the 
axis  of  sDspeniion  was  found  by  balancing  the  rod  upon  the 
edge  of  a  4x4  angle.  With  these  measured  quantities  the  moment 
of  inertia  of  the  rod  about  its  center  of  gravity  was  found,  and 
reduced  to  the  terms  of  the  equation, 

where  K  =  0.53  ;  and  a  =  0.2.  (The  vertical  is  5  cranks  and 
the  tandem  6  cranks). 


Pio.  1. 


Length  of  connecting  rod  E  lA- 
Length  of  crank  radius  C  F^  r. 

Call  J  =  a 

Let  a  force  P  act  at  Ein  the  direction  A  Bio  find  its  turning 
moment  about  (7. 

Take  origin  of  co-ordinates  at  C  and  call  the  distancie  E  C\  x, 
then  the  geometry  of  Figure  1  gives: 

X  =  I  cos  f  +  /•  cos  0,  arid  sin  ^  =  «  sin  ^. 
Substituting 

aj  =  -  (1  —  a^  sin*  tf)   +  ^  cos  0 
a 

Expanding  the  radical  and  substituting  the  values  of  the  pow- 
ers of  sin  0  in  terms  of  cos  2  0,  cos  4  0  and  cos  6  <?,  we  have  : 
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W   = 


'-T 


3  o«  _  10  a« 
64  256' 


^  \  4    ^  1«  ^   256   ^      / 

_C084<?  (_  +  _  +  ....) 


+  r  COB  tf       (1) 


DifEerentiating  with  respect  to  time  and  considering  the  angu- 
lar velocity  of  the  crank  constant,  and  equal  to 

d0 


dt 


=   CD 


we  have : 

d*x 
dfi 


=  CO*  r 


—  cos  0 


(2) 


The  resolved  part  of  the  force  P  along  the  connecting  rod  is 

P 

cos  ip 

and  its  turning  moment  about  the  crank  shaft  is 


—  r  sin  (0  +  <p) 

cos  f 


The  development  of 


sin  {d  -f-  <p) 
cos  (p 


in  terms  of  sin  0  and  multiples  of  that  angle  is  as  follows  ; 

sin  (tf  +  f )  __  sin  0  cos  <p  +  cos  0  sin  f> 
cos  <p  cos  ^ 
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=  sin  tf  + 


=  sin  tf  +  I  sin  2  tf  (1  —  a  ein*  tf)"* 
Expanding  the  quantity  in  parenthesis  we  have 

Bin  (g  +  ip)  =  8i^  ^  +  ^  sin  2  tf  (1  +  ^  8in«  0  +  la^  sin*  tf 
cosy?  2  ^      ^    2  ^8 

+  ||a«6in«<?+) 

Substituting  for  the  powers  of  sin  0  in  the  parenthesis  their 
values  in  multiples  of  the  angle,  we  have 


«5i^±f.)=8in(?+«8in2<? 
cosf  2 


^4  ^  16  ^768      ^ 

_C082(?(-+_  +  -^_+..j 

+«-^(^+w  + ) 

— «^(w  + ) 


Performing  the  multiplication   indicated  and  collecting  the 
terms  we  have 


cos  (p 


^  \2  ^   8  ^  64      ^  / 

\16  ^    64    ^  3072         V 

+  sm  6  ff  I  — —  +  „— —  + I 

^  V  64  ^  3072  ^  / 

-''"»»(^> ) 
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Therefore  the  tarning  moment  due  to  a  force  P  is 


[Oet.S5 


Fr 


4-8in  0 


+  sinS«(|  +  |'  +  !|iL+ ) 


—  bId  i 


12_a»   ,     285^ 
64'  "'"8073 


«'  +  ) 


-I-  Bin  6  0  I  —    + + 

^  \  64  ^  3072  ^ 

\3072  "*" 


—  ein  8 


(8). 


To  obtain  the  tnming  moment  due  to  the  steam  forces  sabsti- 
tute  for  P  the  pressures  on  the  piston  at  the  difEercnt  crank  an- 
gles. 

To  obtain  the  taming  moment  due  to  the  inertia  of  the  recip- 
rocating parts  other  than  the  connecting  rod,  substitute  for  P  the 
mass  of  the  reciprocating  parts  multiplied  bj  the  acceleration  ob- 
tained from  equation  (2)  as  follows  : 


M 


^  V4  ^  16  ^   128  ^ 

-sin2<?^i+£--f-I^*+— + 

V  ^  16^  64  ^256^, 

V  4    ^    16  ^  128  ^ 
=j„  A  /)  /«'   i    3  «^  _i_  23  a"  , 

+  sin5.«(|-V^'+ 

I      •     ^  /I  /  «*    1      «^     I     ^  «®     r 


(4) 


To  obtain  the  inertia  forces  of  the  connecting  rod  we  proceed 
a6  follows : 
The  rod  is  acted  upon  by  three  forces  designated  by  i^i,  F^,  Jfy 
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Fi  acts  at  the  center  of  gravity  of  the  rod  in  a  direction  parallel 
to  the  piston;  F%  acts  along  the  rod  towards  the  wrist  pin,  and 
jPi  acts  at  the  ceriter  of  percussion  of  the  rod  and  at  right  angles 
to  it  as  indicated  in  Fig.  2. 

Ej  O  and  JBT,  repi-esenting  the  wrist  pin,  center  of  gravity  and 
center  of  percussion,  respectively.  0  and  H  are  distant  d  and  k 
tromE. 

The   kinematical  equations  determining  the  motion  of  the  rod 


are 


F,  - 


d}z 
df 


^^=HW 


d<p\ 


=d^ 


Ft  =  d 


de 


Pio.  2. 

in  which  e,  d  and  <p  are  respectively  the  abcissa  of  the  center  of 
gravity  measured  from  the  crank  shaft,  the  distance  of  the  center 
of  gravity  from  the  point  E,  and  the  angle  the  connecting  rod 
makes  with  the  center  line  of  the  engine. 

The  dynamical  equations  of  the  above  forces  where  R  is  the 
mass  of  the  rod  are 


R^ 

9 

A 

if 


d^ 


m' 


d.^-$ 

df 
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The  turning  moment  about  the  crank  shaft  of  the  dynamical 
force  Fi  is 

—  —  .  — -r  .  r  Sin  /7 
g       di^ 

This  force  causes  reactions  at  the  guide  and  crank  pin  which 
are  normal  to  the  direction,  and  as  the  wrist  pin  is  free  to  move 
in  the  direction  of  the  force  while  the  stub  end  of  the  rod  is  eon- 
strained  by  the  crank  pin,  moments  can  be  taken  about  the  crank 
pin,  and  as  the  force  passes  through  the  center  of  gravity  they 
are  equal.     The  reaction  o\\  the  crank  pin  is,  therefore, 

R     (I  —  6?)  sin  f     d?  z 
g   '        I  COB  <p       '   df 

The  turning  moment  due  to  this  reaction  is 

-A.  {l-d)^\riip     _^.  ^cos/? 
g  L  cos  (p  df 

The  turning  moment  due  to  f^  is 
The  turning  moment  due  to  i^s  is 

The  turning  moment  due  to  the  connecting  rod  is  the  sum  of 

R      d?  Z  •      a  iM\ 

-A.(i=liL!!M?.^.rco8<?  (6) 

g  /  COS  ^  dr 

f  .rf.^.f  rcos(^  +  ^)  (8) 
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3  =  X  —  d  (tOB  <p;  and  calling  —  =  ITy 


we  have 


=  X  — 


Kr 


=  »  —  ^  (1  —  ««  Bin^  d)^ 


1  —^  —  ^  —  io<»'  _ 

4  64  256 


(9) 


DifiFerentiating  with  respect  to  time 

dz  ^  dx JTr  cj 

'df  W       ~a 


-  sin  2  u  I  —  -I 4- +  . .  •  I 

V  2    ^   8   ^  128  ^       / 


(10) 


Again, 


Sabstitnting  for 


_.<»s»(«'+:^+i|^+....) 

) 


+  C084<?(^+|«'  + 


(11) 


its  value  from  equation  (2) 


d^x 
df 


cP  3    _ 
dV 


-=.  or  r 


—  cos 


(JT-l) 


co82<?(«+4+^+.) 


COS  4r  0 


(^¥+-) 


(19) 
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Maiti plying  the  above  by  r  sin  8^  we  have 

^.r  sin  <?  =  .«^|sin<^(,-iir)(|+|-+j^^  ..+  ....) 

—  8in  2  e  (i) 


(13) 


Eqoation  (6)  may  be  written 

g       dr  cos  ip 

which  we  see  is  equation  (13)  multiplied  by 

a-rr\  o,  cos  0         ....       R 
—  K) ,  omitting 

The  geometry  of  the  ligure  gives  sin  ^  =  a  sin  d 
Differentiating  we  get  cos  ip  d  ip  z=-  a  cos  6  d  dy  or 

d  ip  a  cos   0  a   f^  9     •    1  aC^ 

-^  = =  «  cos  ^  (1  —  a'  sin'  9) 

d  a         COB  ip  ' 

Expanding  the  quantity  in  parenthesis  we  have 

fl  =  a  cos  tf  (1  +  i  a'  8in»  tf  +  f  a^  sin*  tf  +  . . . .) 
d  0 

Integrating 

^  =  a  sin  tf  +  1  a»  sin'  <?  4-  -1  a*  sin'  tf  +  . . . , 


Transforming 


=  8iutf(a  +  J^  +  ^a»+   ....) 


(1*) 
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_Bi„3<»(+^+^g  «.+  ....) 


+  «n5<?(+^^a»+  ....) 


(15) 


Differentiating  and  calling  the  coefficients  of  sin  d^  sin  8  d^  sin 
6  dj  -4i,  Bx  and  Ci,  respectively,  we  have 


d<p   __ 


dd 


=  cos  tf  ^1  —  cos  3  ff  3  jBi  +  cos  6  ff  5  C^i 


Multiplying  equation  (13)  by  the  above  and  again  by  (I  —  K) 
we  have 


^ '^  -  Bin  <?(1- if)  (^i  +  Mi) 

+Bin  2^(1— ^)»  (?lAx  —  ^»^«  4-  ^-^»-^»  _  ^^*Bi 
\     o  2  2  o 


—  sin  3  ^  (1  —  K)  {4^  +  1^) 

—  sin  4  ^  (l_ir)»^:4i:^«_  ^i^»  ■  3ifi^i  ,  5(7,^A 

^  ''Va  2^2^27 

4-  Bin  5  tf  (1  —  £)  ^-Ml 
4 

+  Bin  6  tf  (1  —  iST)*  (^V^'  +  ^^'^*  +  *-%^') 

—  8in7tf(l  — iC)^ 

—  Bin  8  ^  (1—^)*  (^  ^'  ^*  +  ^-^k^) 


in  which  J^,  ^  and  K^  are  reBpectively  the  coefficients  of  sin  9 
sin  3  0,  sin  5  <7  in  equation  (13). 
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Performing  the  operations  indicated  we  have 

-''(>-^)-.„.(«+^+.^«.+....) 
-"""(j+f;+5TF«' ) 

I  -sin 4  d{\-K) fl'  +  5a« _j_  448    A 

I  ^  ''\4^  64  ^3072    / 

I 

j  +  sin5/^(_|:  + 


[Oct.  as 


9  0* 
512 


(16) 


9 


--«.V8in2<?| 
^  (17) 


Adding  equations  (18)  and  (16)  we  have 

-fain  <?(«  +  --!-  4f-  «' ) 

^  \4  ^  16   ^  492  / 

^  '\      64^7680    / 

ein3<?(if  +  '^'+^^'....) 
V  4    ^    16   ^  512  / 

+"-«(^  +  l- ) 

which  is  the  solution  for  the  force  Fy. 


The  development  of  the  expression  for  the  turning  moment  of 
the  force  If^  is  as  follows  : 
From  equation  (15) 


dt 


oinitting  the  higher  powers  of  a. 


m 
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Squaring  and  omitting  powers  of  a  greater  than  2  we  have 

(^y  =  a«co8«tf  rii»  (16) 

snd 

sin  (<?  +  ^)  =  sin  0  cos  ip  +  cos  0  sin  (p 

=  sin  0  {\  —  a'  sin^  0)\  +  ^  cos  <?  sin  0 

=  sin  ^(1  —  i  a^  sin* 0  —  ^a^  sin*  0  —  ^a^ sin*  tf  — > 

+  a  cos  /?  sin  0 
therefore 

sin(.  +  ,)  =  sin.(l-3^'-^-j|_^«.) 


+  sin2«(?) 

^  \  8  ^  128      ^1024      / 

\128  ^  1024/ 


\1024/ 


Omitting  terms'containing  powers  of  a  greater  than  the  first 

sin  {d  +  <p)  =  sin  <?  +  sin  2  <?  (f\  (17) 

Multiplying  (16)  and  (17)  we  have 

(-^y  sin  (tf  +  y>)  =  [a*  ein  0  {i  —  sin»  <?) 


+  ri  ein  2  tf  (1  —  sin*  0)]  to* 


w*  o*   4"  sin  (?. 


+  sin  2  <?.  (a) 
+  sin  3  e. 

+  sin  4^.(1) 
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MultipljiDg  the  variable  part  of  the  moment  by  the  conBtants 
we  have 


g  ^ 


+  8in  e 

+  dn  2  tf  (a) 

+  sin  3  (? 


(18) 


The  development  of  the  turning  moment  due  to  ^g  u  as  fol- 
lows: 

ooi  {0  -\-  (p)  =  COS  ^  cos  ip  —  an  0  9\n  tf 

=  cos  <?  (1  —  a*  Bin*  <?)i  —  a  sin*  d 

2  ^  \  8        64        1024    / 

+  <«>.2<?(|) 

-C08  5  W^+l£!-) 
Vl28  ^  1024/ 

-"""(rai) 

From  equation  (15) -we  have 


-8in<?(o-f  »  -f  ^^fl^H- 

+  sin8(?(+?/  +  ^^a^+....) 
-.m5(?(+^«»+ 


(30) 
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dfi 


cos  {0  •\'ip)  = 


o>* 


-sill  7/? 


Neglecting  the  higher  powers  of  a 


^  V  2    ^    8     ^  256      / 

^  V  ^   2  ^  128      / 

+  8in  5  fi'  I  — —  +  -— -    or  I 
^  \  16  ^  1280      / 

—  8in6  /?  l-jrvTrl 
\  640/ 

/75gn 

\1280/ 


G9 


cos  (^  +  y)  =  — 


sin  2  ^ 


Supplying  the  constants  in  equation  (8)  we  have 


9  ^ 


sin  2  9 


(22) 


(23) 


Calling  the  moment  of  inertia  of  the  rod  about  the  wrist  pin  7, 
we  substitute  it  for  R  d  X  and  have  finally  Tor  the  turning  mo- 
ment due  to  the  force  F 


^__^'  sin  2  e 
^9 


(24) 


The  moment  of  inertia  about  a  parallel  axis  is  /  =  Iq'\-  d^  H 
where  /©  is  the  moment  of  inertia  abont  the  center  of  gravity. 
Equation  (24)  may  therefore  be  written 
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Bin  2  c/  =  -5— Bin  2  (/  + sin  8  0 

2g  3(7  ^         25r 


,  ai«  a»  sin  2  #    .    H  K*  w*  t^    .    ^  ^ 

=  /«    :i +  ::: Bin  2  0 


2? 


2y 


The  taming  moments  dne  to  J^„  i^a  a"d  ^»  a**© : 
for  Fi       . 


:^a>V(l-ir) 


+  «"  Mi  +  iF  +  W 

^  '^V       64  ^  7680/ 


-:^V8in2#i 


lor  /'a,  —  —  . 

g  4 


+  sin  d 

+  sin  2  ^  {a) 

+  sin  3  d 

+  sin4<?(|) 


f^.  *       r  w«  a»  sin  2  <^    ,    i?  ^»  <tf»  r»  sin  2  d 
tor  i'to    ^e s +  — 


2^ 


^9 


The  turning  moment  of  the  rod  is  the  sum  of  the  separate 
moments.  Neglecting  the  term  sin  2  Q  in  the  parenthesis,  for 
the  turning  moment  of  t\  adding  the  term  outside  to  the  second 
term  of  -^5,  and  rearranging  the  terms  in  i^,,  we  have  finally: 
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-K) 


+   sill   o  I-  +  —  4- I 

^  Vi  ^  16  ^    492  / 

^  ^  \4  ^  64  ^  3072  / 

,     .    ,  -,  /5  o«    ,    105  a\ 


li 


—  i\«»»r»(l— A') 


+  sin  0 


Ka 


4(1-^) 

+  sin  3  ^ 
-I-  sin  4  ^ 


Ka 

4(1-^) 

Ko? 


+  /c 


ri>'  a*  sin  2  tf 


2y 


(25) 


8(1 -iT) 


Part  II. 

The  apparatus  enaployed  was  a  tuning  fork  electrically  driven 
by  a  storage  battery  and  a  paper  band  secured  to  the  face  of  the 
fly-wheel  of  the  tandem  engine  before  mentioned.*  Description 
of  apparatus  employed  is  as  follows  : 

The  Tuning  Fork. — The  tuning  fork  was  made  by  Queen  & 
Co.  and  was  fitted  with  phosphor  bronze  fingers  in  order  to  in- 
crease the  amplitude.  It  was  driven  by  a  storage  battery  and 
the  usual  make  and  break  device  employed.  The  period  of  the 
fork  without  the  fingers  was  100  per  second,  and  with  the  fingers 
-when  in-  contact  with  the  paper  band  90.  Care  was  taken  in 
adjusting  the  fingers  tliat  the  points  would  describe  the  same 
line  on  the  paper  when  the  wheel  was  revolved  and  the  fork  at 
rest. 
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To  Further  Explain. — When  the  fork  is  at  rest  and  the  wheel 
revolved  the  points  described  the  line  a  b,  and  when  the  fork 
vibrated  the  points  described  the  lines  o  d  and  e  f.  Assuming 
the  fork's  period  constant,  the  distance  between  intersections 
1  and  3  is  the  space  travelled  by  the  wheel  in  one  complete 
vibration  of  the  fork.  The  amplitade  of  the  vibrations  was 
7  mms.  The  fork  was  mounted  upon  a  slide  rest,  which  was 
securely  fastened  to  the  floor.  The  fork,  therefore,  could  be 
moved  across  the  face  of  the  wheel,  the  slide  being  in  parallel- 
ism with  the  face  of  the  wheel. 

The  Paper  Band, — In  order  to  have  a  smoother  surface  for 
the  fingers  of  the  fork  to  trace  the  curves  and  to  facilitate  the 
measurements,  manila  paper  with  a  smooth  surface  was  used. 
The  paper  may  be  obtained  in  rolls  12''  or  more  wide  and  of 
considerable  length.  Tlie  paper  was  secured  to  the  face  of  the 
wheel  by  shellac  varnish  applied  at  the  edges,  and  the  joint  was 
scarfed  and  secured  by  shellac  varnish.     Considerable  care  was 


Fig.  8. 

taken  to  avoid  wrinkles.  The  paper  was  then  slightly  moistened 
with  water  applied  with  a  paint  brush.  On  drying  it  was  found 
the  surface  was  without  wrinkles  and  smooth.  Zinc  paint,  made 
by  mixing  zinc  oxide  ground  in  oil  with  spirits  of  turpentine, 
was  applied  to  the  paper  with  a  paint  brush.  It  is  well  known 
that  silver,  copper  and  brass  will  mark  upon  a  surface  coated  as 
above. 

After  the  wheel  was  prepared  as  described,  the  engine  was  put 
on  its  head  center,  corresponding  to  #  =  0  in  the  theoretical 
part,  and  the  tuning  fork  moved  across  the  face,  the  points  of 
the  fingers  describing  two  lines.  This  fixed  the  positions  of  all 
the  tuning  fork  spaces  relative  to  the  crank  positions. 

THE   TEST. 

An  artificial  full  load  was  put  upon  the  generator  by  means  of 
a  water  rheostat  which  consisted  of  iron  plates  immersed  in  a 
dock.     Owing  to  the  large  amount  of  water  the  load  was  con- 
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stant.  The  ampere  flow  was  1,440  at  562  volts.  I  have  carried 
on  the  same  plates  8,400  amperes  at  550  volts.  After  the  engine 
had  been  running  some  time  at  this  and  lower  loads  in  order 
that  it  might  be  thoroughly  warmed,  simultaneous  readings  of 
amperes  and  volts,  indicator  diagrams  and  record  by  the  tuning 
fork  were  taken. 

The  running  weights  of  the  tandem  engine  were  estimated  as 
follows : 

Low  pressure  piston 1,900  lbs. 

High      ••  ••    500    •* 

Crosshead ..  1.200    " 

Connecting  rod 1.900    " 

Piston  rod 1.000    •• 

Length  of  connecting  rod  between  centers  126''. 
Crank  radius,  21''. 


^=.  =  1/6 

Moment  of  inertia  of  rod  about  its  center  of  gravity  approxi- 
mately 9.402  R  r» 

K  =  0.6 

Substituting  in  equation  (25) 

We  have  for  the  turning  moment  of  the  rod 

^  oi'r^l—mid  0.0082  —  sin  2  (?  0.1934 

—  sin  3  /?  0.0755  —  sin  4  tf  0.00316] 

Substituting  in  equation  (4) 
We  have  turning  moment  of  the  reciprocating  parts 


ff 


+  sin     d  0.04204 

—  sin  2  tf  0.50000 

—  sin  3  ^  0.12648 
sin  4  fi  0.00695 

Speed  of  engine  96  b.p.m.,  or  10.05  radians  per  second;  013=10^. 


Digitized  by  VjOOQLC 


72»  KEILHOLTZ  ON  ANGULAR  VARIATION  [Oct.  25 

From  the  above  data  Table  I  has  been  constructed.  Ordinates 
in  inches  on  a  scale  of  20,000  pounds  ])er  inch  are  given 
for  the  reciprocating  parts  m  and  for  the  rod  b.  The  resultant 
ordinate  is  also  given,  so  it  is  possible  to  plot  the  curves  of  turn- 
ing moments  of  the  total  inertia  forces  or  the  parts  separately. 

The  steam  pressures  are  obtained  from  the  indicator  diagrams 
Table  IT,  and  the  forces  acting  along  the  piston  rod  are  given  iu 
Table  III. 

Equation  (3)  gives  the  turning  moment  due  to  the  steam 
forces,  and  Table  IV  is  the  part  within  the  parenthesis. 

The  second  column  of  Table  V  gives  the  ordinates  of  the 
steam  turning  moments  which  are  obtained  by  multiplying  the 
last  column  of  Table  III  (p),  M-ith  the  last  column  of  Table  IV 
together  with  the  crank  radius  and  dividing  the  product  by  the 
scale  nsed,  20,000  pounds  per  inch. 

The  third  column  of  Table  V  is  obtained  from  Table  I,  and 
the  fourth  column  is  the  algebraic  sum  which  is  the  ordinate  of 
the  curve  plotted. 

The  Curves. 

Curve  A  is  the  curve  obtained  from  the  plotted  values,  and 
represents  according  to  proper  scale  which  is  given,  the  turning 
moment  at  crank  shaft  center,  the  tangential  force  at  crank  pin, 
the  acceleration  at  crank  pin,  or  the  acceleration  at  fly-wheel 
rim. 

Considering  it  as  a  curve  of  acceleration  at  fly-wheel  rim  and 
ititegrating  the  area  intercepted  between  the  mean  line  (or  curve 
of  no  acceleration)  the  curve  and  ordinates  and  plotting  the  values 
the  curve  of  velocity  variation  is  constructed,  curve  b.  Proceed- 
ing in  the  same  manner  curve  c  is  constructed  which  is  the  space 
variation. 

Tables  VI,  VII,  VIII,  IX,  give  the  measured  values  of  four 
curves,  which  constitute  four  consecutive  revolutions.  Column  I 
contains  the  numbers  of  the  spaces  described  by  the  tuning  fork 
in  one  period.  The  spaces  are  numbered  consecutively,  begin- 
ning at  the  head  center  or  "  0  "  angle.  Column  II  shows  the 
measurements  of  the  spaces.  Column  III  gives  the  average 
value  of  three  consecutive  measurements,  for  example,  the  value 
of  the  flrst  space  is  the  mean  of  the  sum  of  measurements  of  the 
fifty-sixth,  flrst  and  second  spaces.  The  value  of  the  second 
space  is  the  mean  of  the  sum  of  the  measurements  of  the  flrst, 
second  and  third  spaces,  and  so  on. 
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Column  IV  is  formed  by  adding  the  second  average  value  to  the 
first  for  the  Value  opposite  the  second  space,  the  third  to  the 
second  for  the  third  space,  and  so  on.  Column  IV  shows  the 
actual  distance  traveled  by  the  wheel  for  any  number  of  periods. 

Column  V  is  formed  by  taking  the  mean  of  the  sum  of  average 
values  in  Column  HI,  and  setting  them  down  as  in  Column  IV. 
Column  V  shows  the  space  traveled  by  a  wheel  rotating  uni- 
formly for  any  number  of  periods. 

Column  VI  is  formed  by  taking  the  first  differences  between 
Columns  IV  and  V,  and  shows  the  actual  space  variation  be- 
tween a  wheel  rotating  with  constant  angular  velocity  and  one 
rotating  with  variable  angular  velocity. 

An  inspection  of  the  curves  shows  a  space  variation  of  about 
11  mms.,  whereas  the  calculated  space  variation  is  7  mms.  I  am 
not  prepared  to  say  that  this  difference  is  caused  by  errors  or  by 
some  lost  motion,  probably,  the  former,  possibly  both. 

A  fork  having  greater,  amplitude  and  higher  period  marking 
upon  a  smoother  surface  would  undoubtedly  give  more  accurate 
results.  If,  however,  the  information  of  this  most  interesting 
problem  has  been  increased  by  this  contribution  its  object  has 
been  fulfilled. 

In  conclusion,  I  desire  to  express  my  thanks  to  Mr.  J.  M.  S. 
Waring,  who  has  assisted  me,  and  to  whose  efforts  and  patience 
too  much  praise  cannot  be  given.  I  desire  to  thank  also  Mr. 
Uarte  Cooke  and  others  for  advice  and  assistance. 
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SHEET  No.  1. 

Tandbm  Compound  Engine. 

24-45-42. 

Weight  fly-wheel  rim 56,000  lbs.        Radius  of  gyration. 7,584  ft. 

spokes.  J7.100  *•  **  "        4.500  *• 

'•     crankdisc 8,000"  ••  '•        2,000** 

•*     armature,..' 45,000"  **  "        8,000" 

Stroke  of  engine,  42  ins. 
The  above  weights  reduced  to  the  crank  center: 

Ply-wheel  ^m 1.070,000  lbs. 

spokes 118,000  *' 

Crankdisc 10,450  •* 

Armature 182.600  " 

Total 1,825.960  lbs. 

CUBYB  No.  1. 

Horizontal  scale,  I"  =  60  h-  (100  X  24)  =r  0.025  sees. 

"      1"  =  (8.6  X  ^)  -•-  24  =  0.460  ft. 
Turning  moment  at  crank  shaft  center: 

Vertical  scale,  1"  =  20.000  ft.  lbs. 
Tangential  force  at  crank  pin: 

Vertical  scale,  1"  =  20,000  +  1.75  =  11,420  lbs. 
Acceleration  at  crank  pin: 

Vertical  scale,  \"  =  (11,420  X  d2.2)  -f-  1,825.950  =  0.278  ft.  per  sec. 
Acceleration  at  fly-wheel  rim : 

Vertical  scale.  1"  =  (0.278  X  18)  -i-  3.5  =  1.27  ft.  per  sec. 
Areas,  1  sq.  in.  =  11,420  X  0.46  =  5,260  ft.  lbs. 

CURVB   No.   2 

Vertical  scale,  1"  =  1.27  X  2  X  0.025  =  0.0685  ft.  per  sec.  at  fly-wheel  rim. 

Maximum  ordinate,  4.44  ins. 

Totol  velocity  variation,  4.44  X  .0685  =  0.282  ft.  per  sec. 

Mean  velocity,  88.75  ft.  per  sec. 

Percentile  of  mean  velocity,  0.00887. 

Coefficient  of  unsteadiness,  296. 

CUEVB  No.  3. 

Vertical  scale,  1"  =  0.0635  X  2  X  .025  =  0.00817  ft.  at  fly-wheel  rim. 
Maximum  ordinate,  5.125  ins. 
Total  space  variation,  5.125  X  .00317  =  0.0162  ft. 

=  0.1045  ins. 
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TlBLB  III. 

H.  P. 
Head 

H.  P. 
Crank 

L.  P. 
Head 

L.  P. 
Crank 

H.  P. 

L.  P. 

Combined 

56000 

16600 

15745 

-7080 

49800 

95180 

74480 

69800 

18860 

98600 

—5075 

48700 

84580 

88890 

57000 

98600 

98600 

—8785 

49570 

86100 

85670 

56600 

96600 

28900 

0 

48170 

86600 

M07O 

5Baco 

81000 

22900 

8198 

47770 

86800 

88070 

44400 

89800 

18500 

7891) 

87410 

88800 

69610 

88000 

49800 

8676 

16890 

96450 

88785 

49185 

27600 

66600 

8940 

19660 

21060 

18000 

89050 

98100 

66600 

790 

91900 

14800 

11880 

80660 

19000 

55500 

-1675 

88880 

5600 

18485 

17986 

10 

18B60 

56100 

-8650 

89650 

r-6960 

10510 

5460 

11 

17900 

65100 

-6810 

18760 

-81900 

4680 

-16680 

12 

149C0 

65100 

-8675 

14070 

—40900 

-88746 

-69945 

18 

11800 

88400 

-11000 

-10980 

48800 

MTBO 

7b660  , 

14 

8600 

28600 

-12900 

—14060 

46600 

84850 

81860 

15 

7700 

14400 

-12600 

-14060 

47800 

84880 

82680 

16 

7940 

8800 

—19600 

—14060 

48960 

84500 

88760 

17 

•790 

6600 

-19800 

-14060 

48710 

88100 

80860 

18 

6790 

6560 

-19600 

-14060 

48010 

89400 

72410 

19 

6880 

6990 

-19800 

-18700 

82970 

80480 

68890 

90 

5880 

7480 

—18000 

-18800 

25180 

16188 

41848 

91 

9960 

7480 

-18000 

-18800 

10650 

18000 

80660 

89 

90800 

7480 

—13000 

-12500 

2800 

10866 

18066 

28 

880UO 

8740 

-6090 

-10980 

-19650 

845 

-18906 

94 

51600 

960O 

1576 

-9875 

—86000 

-8606 

-48606 

NET  AREAS 

H.  P. 

Head 

462.4  sq.  in& 

. 

L.  P. 

Head   1574.58 

H.  P. 

Crank 

486.6  "  " 

L.  P. 

Crank   16<tt.l6 
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SHEET  No.  2. 

Takdeh  Compottnd  ENannB. 

24-45-42. 

Weight  fly-wheel  rim 66,000  lbs.        Radius  of  gyration 7,684  ft 

spokes.. 17,100  **  *'  "        4,600  •« 

"     crankdisc 8,000"  "  *• «,000  " 

•'     armature 45,000**  *'  *• 8,000  •* 

Stroke  of  engine,  49  ins. 
The  above  weigKts  reduced  to  the  orank  center: 

Ply-wheel  rim 1,070,000  lbs. 

spokes ,  118,000  *' 

Crankdisc 10.460  •* 

Armature 182,600  '* 


Total 1,826,950  Ibfl. 

CuBvi  "A." 

Horizontal  scale,  1"  =  60  +  (96  X  24)  =  0.026  sees. 

*•      1"  =  (8.5  X  ff)  +  24  =  0.480  ft. 
Turning  moment  at  crank  shaft  center: 

Vertical  scale,  1"  =  20,000  ft.  lbs. 
Tangential  force  at  crank  pin : 

Vertical  scale,  1"  =  20.000  +  1.76  =  11,420  lbs. 
Acceleration  at  crank  pin: 

Vertical  scale,  1"  =  (11,420  X  82.2)  -i-  1,826,950  =  0.278  ft  per  bo 
Acceleration  at  fly-wheel  rim : 

Vertical  scale,  1'  =  (0.278  X  16)  +  8.6  '=  1.27  ft,  per  sec. 

Curve  **  B." 

Vertical  scale,  1"  =  1.27  X  2  X  0.026  =  0.066  ft.  per  see.  at  fly-wheel  rim. 

Maximum  ordinate,  5.84  ins. 

Total  velocity  variation,  5.84  X  0.066  =  0.385  ft.  per  sec. 

Mean  velocity,  80.4  ft.  per  sec. 

Percentage  of  mean  velocity,  0.00479. 

Coefficient  of  unsteadiness,  209. 

CUEVK  ''C." 

Vertical  scale,  1"  =  0.066  X  2  X  0.026  =  0.00348  ft.  at  fly-wheel  rim. 

Maximum  ordinate,  6.67  ins. 

Total  space  variation,  6.67  X  0.00848  =  0.0229  ft. 

=  0.2748  ins. 

=  6.9750  mms. 
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KEILHOLTZ  Olf  AtlQULAB  VARIATION  [Oct.  »5 

TABLE  IV. 


Angle. 

sind 

Sin  2  »  -^ 

2 

sin  I?  +  sin  a  <^   * 

2 

o 

0.000 

0.0000 

0.0000 

«5 

o.«59 

0.0416 

a3O06 

3« 

0.500 

0.07*1 

0.57B1 

45 

0.707 

©.o«33 

•.79(9 

60 

0.866 

0.079t 

0.9381 

75 

0.966 

0.0416 

1.0076 

90 

X.000 

Q.0000 

1.0000 

«^ 

a966 

—  0.0416 

©.9«44 

ISO 

a866 

—  a.o7«i 

0-7939 

«35 

•.707 

—  0.0833 

0.6.37 

ISO 

0.500 

—  0bO7ax 

o.4>79 

165 

0..59 

—  0.0416 

<wtX74 

180 

ObOOO 

•       0.0000 

ObOOOO 

TABLE  V. 


Crank  Potitiona. 

Ordinates  steam 

Ordinates  inertia 

Ordinates  resultant 

turning  moments. 

turning  moments. 

turning  moment. 

0 

0.00 

aoo 

0.00 

X 

a.  18 

—  0.88 

x.3« 

• 

4.J8 

—  X.33 

a.95 

3 

6.90 

—  X.47 

^iJ 

4 

—  x.oa 

5.88 

5 

6.  to 

—  aa9 

^^1 

6 

4.30 

- 

-0.43 

4.76 

I 

3-«$ 

- 

-0.95 

4.10 

iP 

- 

-1.X7 

3.aa 

9 

- 

-X.09 

a.07 

10 

o.ai 

- 

-X.03 

x.M 

IZ 

—  0.3a 

- 

■0.43 

O.XX 

IS 

0.00 

0.00 

0.00 

>3 

1.39 

-o.h 

0.96 

«4 

3.06 

—  1.03 

a.03 

:i 

4.5a 

—  1.09 

-I 

1:15 

—  i.»7 

.'! 

—  0.95 

5.56 

«.35 

--0.43 

5.9« 

«9 

4.73 

- 

-a«9 

5.0B 

•0 

3-40 

- 

-x.oa 

4-4« 

ai 

a.05 

- 

-x.47 

3-5? 

St 

0.65 

- 

m 

X.98 

•3 

—  0.50 

- 

a38 

•4 

Ob  00 

0.00 

aoo 

Ordinates  in  inches.    Scale,  ao,ooo  lbs.  per  inch. 

Note.— Mean  ordinate  of  resultant  turning  moment  3.06',  by  Simpeon't  Rule. 
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Table  VI. 


Curve  No.  1 


III 


IV 


VI 


27.80 

26.80 

86.95 

27.82 

26.99 

86.98 

87.05 

26.68 

86.88 

a7JK 

86.90 

27.60 

86.78 

87.00 

87.15 

27.11 

87.80 

87.18 

86.96 

27.40 

90 

86.78 

31 

87.48 

2e 

27.28 

2S 

27.03 

94 

86.92 

85 

97.67 

26 

86.68 

27 

26.96 

28 

27.88 

80 

87.18 

ao 

86  70 

81 

27.80 

S8 

26.85 

}« 

87.«6 

84 

26.6S 

85 

87.04 

86 

87.08 

87 

26.95 

88 

88.70 

89 

87.16 

40 

86.86^ 

41 

27.46 

42 

86.70 

48 

27.88 

44 

86.88 

46 

87.:  0 

46 

86.r6 

47 

87.87 

48 

27.18 

49 

27  08 

50 

27.07 

61 

27:48 

52 

26.90 

58 

87.16 

54 

87.16 

55 

26.78 

86.06 

86.96 

87.06 

87.08 

68.98 

64.18 

27.08 

81.00 

81.19 

27.09 

108.09 

106.85 

27.08 

18617 

186.88 

86.99 

162.16 

168  87 

88.87 

189.03 

189.44 

26.85 

216.88 

816.50 

26.08 

848.80 

848.57 

87.01 

809.81 

870.68 

87.86 

897.06 

897.69 

27.00 

884.15 

884.76 

87.18 

851.88 

851.88 

86.06 

876.86 

878.88 

87.09 

406.85 

406.96 

87.19 

488.64 

488.01 

27.18 

450.78 

460.07 

87.18 

486.84 

487.14 

27.16 

618.99 

51480 

27.04 

541.08 

541.86 

87.80 

568.88 

568.88 

27.16 

596  90 

545.80 

87.86 

688.66 

082  46 

87.09 

649.74 

640.K 

27.19 

676.98 

676.68 

27.04 

76a97 

708.64 

27.06 

781.08 

780.70 

88.97 

767.99 

767.77 

27.16 

785.14 

784.88 

27.0? 

812.81 

811.80 

87.08 

889.84 

888.06 

26.98 

866.16 

866.02 

27.18 

898.29 

803.08 

86.98 

980.88 

080.15 

26.99 

947.81 

947.81 

86.90 

974.11 

974.87 

87.08 

1001.18 

1001.88 

86.91 

102&04 

1098.80 

26.93 

1064.97 

1066.46 

26.90 

1081.87 

1088.68 

27.15 

1109.02 

1100.60 

27.00 

118608 

1188.66 

8712 

116814 

1163.71 

86.98. 

1190.07 

1100.78 

87.87 

1817.84 

1217.84 

87.08 

1844  48 

1844.00 

87  81 

18n.68 

1871.97 

27.08 

1298.66 

1809.08 

27.16 

1385.88 

1886.00 

87.09 

1868.91 

1858.16 

27.17 

1880  06 

1880.88 

87.18 

1407.21 

1407.88 

27.16 

1484.87 

1484.85 

27.07 

1461.44 

1461.41 

87.08 

1488.47 

1488.47 

27.08 

1615.56 

1515.64 

-0.10 
-0.16 
-0.10 
-0.16 
-016 
-0.81 
-0.41 
-0.62 
—0.77 
-0.89 
-0.68 
-0.61 
-0.54 
-0.68 
-0.60 
-0.47 
-0.86 
-0.80 
-0.81 
-0  88 
-0.10 
±0.00 
-4-0.20 
+0.88 
+0.86 
+0.88 
+0.88 
+0.28 
+0.81 
+0  88 
+0.98 
+0.14 
+0.81 
+0.07 
±0.00 
-0.16 
-0.80 
-0.85 
—0.49 
-0.66 
-0.W 
-0.68 
—0.67 
-0.71 
—0.50 
-0.48 
-0.84 
—0  87 
-0.27 
—0.86 
—0.14 
+0.07 
+0.08 
+0.08 
±0.00 
+0.01 
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Table  VII. 


Curve  No.  2 


III 


IV 


VI 


0 

27.26 

1 

27.18 

s 

27.26 

8 

26.40 

4 

27.78 

ft 

26.66 

6 

27  00 

7 

27.88 

8 

26.42 

9 

27.10 

10 

96.96 

n 

27.88 

12 

27.10 

19 

27.86 

14 

26  82 

16 

27.75 

16 

26.65 

17 

27.80 

18 

26.78 

19 

27.26 

20 

26.90 

21 

27  80 

2^ 

27.86 

9A 

27  80 

94 

26.78 

26 

26.96 

96 

27.46 

27 

26.80 

28 

27.18 

29 

27.00 

ao 

27.28 

81 

26.80 

82 

27.62 

88 

26.66 

84 

27.20 

86 

26.60 

86 

27.00 

87 

27.10 

88 

27.17 

80 

27.20 

40 

27.28 

41 

26.60 

42 

27.06 

48 

27.78 

44 

26.70 

46 

27.12 

46 

27  06 

47 

27.16 

4S 

27.28 

49 

26.68 

60 

27.75 

51 

26.96 

62 

26.80 

68 

27.80 

64 

26.80 

66 

27.12 

27.18 

27.18 

27.07 

27.28 

64  41 

64.14 

26.94 

81.»» 

81.21 

27.18 

108.48 

108.29 

26  98 

185  41 

135.86 

27.18 

162.64 

162  48 

26.99 

189.58 

189.60 

26.92 

216.46 

216  57 

26  96 

248.40 

248.64 

26  82 

270.22 

270.71 

27.14 

Si97.86 

297.79 

27.14 

824.60 

824.86 

27.28 

851.78 

861.98 

27.09 

878.87 

879.00 

27.81 

406.18 

406.07 

27.14 

488.82 

488.16 

27.28 

4<S0.6& 

460  22 

26.91 

4^7.46 

487.29 

27.11 

511.57 

514  86 

26.98 

54166 

54148 

2716 

568.70 

668.60 

27.18 

596.88 

696  66 

27.82 

628  20 

62^.66 

27.14 

660.84 

649  72 

27.01 

e77.86 

676.79 

27.06 

704.41 

708.86 

27.07 

781.48 

780.08 

27.14 

768.62 

768.00 

26.99 

785.C1 

786.08 

27.14 

812.76 

812.16 

26.84 

889.60 

880.22 

27.05 

866.64 

866.29 

26.86 

808.50 

898.86 

27.16 

920.66 

920.48 

26.82 

947.48 

947.51 

28.93 

974.41 

974.68 

26.90 

1001.81 

1001.66 

27.09 

1028.40 

1026.72 

27.16 

1066.66 

1066.70 

27.22 

1082.78 

1082.86 

26.99 

1109.77 

1109.04 

26.94 

1186.71 

1187.01 

27.09 

1168.80 

1164.08 

27.16 

1190.96 

1191.16 

27.18 

1218.14 

121&22 

26.96 

1245.09 

1246.29 

27.10 

1272.19 

127287 

27.16 

1299.84 

1299.44 

27.02 

1826  86 

1886.51 

27.22 

1858.68 

1868.68 

27.12 

1880.70 

1880.66 

27.18 

1407  88 

1407.72 

27.08 

14:)<.91 

1484.79 

26.97 

1461.88 

1461.87 

27.07 

1488.95 

1486.94 

27.06 

1616.01 

1616.01 

+0.11 
-f0  27 
+0.14 
.  +0.19 
+0.06 
+0.11 
+0.08 
—0.12 
-0.24 
-0.50 
-0.42 
-0.86 
-0.16 

-ai8 
+aii 

+0.17 
+0.88 
+0.17 
+0.21 
+0.12 
+0.20 
+0.81 
+0.66 
+0.62 
+0.66 
H-066 
+0.86 

+ae2 

+0.63 
+0.60 
+0.87 
+0.86 
+0.14 
+0.88 
-0.08 
-0.17 
-0.84 
-0.89 
-0.28 
-0.08 
-0.16 
-0.80 
-0.28 
^-019 
-0.08 
-OJW 
-0.18 

-aio 

-0.16 

±0.000 

+0.06 

+0.16 

+0.16 

+0  01 

+0.01 

±0.000 
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Table  VIII. 

Curve  No.  8 

I 

II 

III 

IV 

V 

VI 

0 

87.00 

87.09 

27.09 

87  05 

+0.04 

1 

86.80 

86.97 

54.06 

54.09 

-0.08 

8 

8718 

87.06 

81.11 

81.14 

-ao8 

8 

87.88 

87  06 

10819 

ioai8 

+0.01 

4 

86  70 

87.08 

185.88 

185.28 

—0.01 

5 

87.18 

86  94 

168.16 

168.27 

-0.11 

6 

86  95 

87.09 

180.25 

189.88 

-0.07 

7 

8718 

86.88 

816.07 

816.36 

-0.80 

8 

88.87 

86.06 

848.08 

248.41 

-0.88 

9 

87.88 

86.06 

860  98 

870  46 

-0  48 

10 

87.10 

87  86 

897.84 

897  60 

-0  86 

11 

87.80 

27.11 

824.85 

885.55 

-0  20 

12 

86.98 

27.08 

851.87 

85159 

-0.28 

18 

86.88 

86.08 

878.89 

878.64 

-0.85 

14 

87.00 

87.11 

406.40 

406  68 

-0.88 

15 

87.50 

87.10 

488.50 

4.'fi.78 

-0.88 

16 

86  80 

27.17 

4?9  67 

860.76 

-0.11 

17 

87.80 

87.08 

486  70 

486.88 

-0.18 

18 

87.08 

87.88 

518  00 

518.87. 

40  06 

10 

87.48 

2ri8 

641.05 

540.91 

+0.14 

80 

86.85 

27.04 

S68  09 

f.67.96 

+0.18 

81 

86.85 

87  05 

59514 

595.00 

+0.14 

88 

87.45 

87  80 

688.44 

688.05 

+0.80 

88 

87.60 

87.11 

649.65 

649  09 

+0.46 

84 

86.87 

87.11 

676.66 

676.14- 

+0.68 

89 

87.47 

86.93 

708..59 

708.19 

+0.40 

88 

87.06 

87.40 

780.99 

780.88 

+0.78 

87 

87.6? 

86.91 

757.90 

767.88 

+0.78 

88 

86.00 

87.01 

784.91 

784  38 

+0  60 

89 

87.85 

86.77 

81168 

811.87 

+ojn 

80 

86.97 

87.06 

888.74 

888  41 

+0.88 

81 

86.85 

86.96 

865.70 

865.46 

+0.84 

88 

87.05 

86.91 

898.61 

898.60 

+011 

88 

86.88 

87.09 

919.70 

919.S5 

40.15 

84 

87.40 

27.15 

916  S5 

946.6'J 

+0.85 

85 

87.88 

87.07 

978.92 

9:8.04 

+0.86 

36 

86.60 

26.95 

1000.87 

1000.60 

+018 

87 

27.08 

86.78 

1087.00 

1087.78 

-0.18 

88 

86.58 

86  88 

1054.48 

1064.78 

-0.80 

38 

87.08 

86  88 

1081.81 

1081.68 

-0  51 

40 

86.90 

87.16 

1106  47 

1108-87 

-0.40 

41 

87.65 

87.01 

1I8.S.48 

11.85.08 

-0  44 

48 

86.58 

87.08 

1168.51 

1168.06 

-0.46 

43 

86.95 

87  09 

1189.60 

1190.01 

-0.41 

44 

87.75 

27.18 

1816.78 

1817.05 

—0.88 

45 

86.70 

27  87 

1844.10 

1844.10 

±0.000 

46 

27.65 

86.91 

1271.01 

1871.14 

-0.18 

47 

86.87 

87.08 

1296.08 

1806.10 

-0.16 

48 

87.06 

86.99 

1885.02 

1885.88 

-0.81 

40 

86.6.% 

2r.04 

1858.06 

1858.88 

-0  28 

50 

87.58 

87.14 

1879.80 

1879  88 

—0.18 

51 

87.85 

87.35 

1406.65 

1406  87 

+0.18 

58 

87.17 

87.19 

1488  74 

1488.42 

+0.88 

58 

87.06 

86.87 

1460.61 

1460.46 

+0.15 

54 

80.40 

86.98 

1487.50 

1487.50 

+ao8 

56 

87.48 

26.96 

1514.55 

1514.66 

±0.00 
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Table  IX. 


Curve  No.  4 


III 


IV 


VI 


0 

87.18 

27  81 

27.21 

87.08 

-fO.18 

1 

87.18 

87.18 

54.34 

54.06 

-f0  88 

8 

87.15 

86.99 

81.33 

8108 

-H).26 

8 

96  70 

26.92 

103  25 

106.11 

-fO.14 

4 

86.98 

26.92 

185.17 

18514 

-fO.03 

5 

87.18 

87.02 

162.19 

168.17 

4-9  02 

0 

27.00 

86.88 

189.07 

189.80 

-ai8 

7 

86.68 

26.87 

215.94 

216.82 

-0.88 

8 

27.10 

26.81 

248.75 

843.85 

-0.60 

9 

86.80 

87.08 

269.83 

870.88 

>0.45 

10 

87.85 

27.00 

296.83 

897.31 

-0.48 

11 

86.85 

27  27 

884.10 

884.34 

—0.84 

18 

87.60 

27J1 

851.81 

861.86 

-0.15 

13 

86  88 

27.09 

378.80 

878.39 

-0.C9 

14 

86.80 

86.99 

405.89 

406.43 

0.18 

16 

87.80 

86.90 

488.19 

482.45 

-0.26 

16 

26.60 

87.04 

469  83 

459.48 

-0.26 

17 

87.88 

87.08 

486.26 

486.60 

-0.84 

18 

87.88 

87.86 

513.61 

618.68 

-f0.08 

19 

87.66 

27.33 

540.94 

540.56 

+0.88 

ao 

27.16 

27.28 

563.17 

567  59 

+0.58 

21 

27.00 

28  96 

505.13 

59162 

+0.41 

32 

26.78 

86.92 

683i.05 

62164 

+0.41 

S8 

87.08 

87.00 

640  06 

648.67 

+0.88 

84 

87.85 

26.97 

676.08 

676.70 

+0.82 

25 

86.68 

27.11 

708.13 

702.78 

+9.40 

26 

87.45 

87.08 

780.21 

729.76 

+0.46 

27 

27.15 

87.18 

767.34 

756.78 

+0  56 

28 

86.80 

87.82 

784.56 

788.81 

+0.75 

89 

26.70 

86.00 

811.46 

810.84 

+0.62 

80 

87  80 

86.90 

838  86 

887.87 

+0.49 

31 

86.80 

87.03 

865  89 

864.90 

+0.49 

88 

27.08 

86.90 

692.29 

89192 

+0.87 

8S 

86.62 

87.07 

919.36 

918  95 

+0.41 

84 

27.80 

86.97 

948.38 

945.96 

+0.85 

85 

86.78 

28.96 

978.29 

978.01 

+0.88 

86 

86.80 

26  88 

1000.12 

1000.04 

+0.08 

87 

26.90 

27.12 

1027.84 

1087.06 

+0.18 

88 

87.65 

27.03 

10^4.27 

1054.09 

+0.18 

89 

86.55 

27.04 

lu81,31 

1081.18 

+0.19 

40 

26.93 

26.74 

1108.05 

110816 

-0.09 

41 

86.76 

27.08 

1i:».08 

1185.18 

-010 

48 

87.40 

27.02 

1102.10 

1162.20 

-0.80 

48 

86.90 

27.09 

1189.19 

1189.28 

-0.04 

44 

86.97 

26.99 

1216.18 

1216.26 

-0.08 

45 

87.10 

27.06 

1248.24 

1243.89 

-0.06 

46 

87.10 

27.09 

1270.38 

i8ro.8a 

+0.01 

47 

87.08 

27.08 

1297.41 

1297.84 

+0.07 

48 

87.07 

26  93 

1384.34 

1824  37 

-0.08 

49 

86.66 

87.10 

1851.44 

1351.40 

+0  04 

60 

87.58 

27.18 

1:J7H.57 

.     1878.42 

+014 

61 

87.15 

87.M 

14(15.01 

1405.46 

+0.15 

58 

86.88 

86.84 

14.32.45 

14.^48 

—0.08 

58 

87.00 

86.88 

1459.87 

1469  51 

—014 

54 

87.88 

87.17 

1486.54 

1486.54 

±0.000 
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SHEET  No.  3. 

Vertical  Oross-Oompound  Engine. 

29-60-56. 

Curve  No.  1. 

HorizonUl  scale,  1"  =  66  -*-  (98.6  X  48)  =  0.0127  sees. 
"     1"  =  (4.66  X  ^)  -*-  48  =  0.8055  ft. 

Taming  moment  at  crank  shaft  center: 
Vertical  scale,  1"  =  17,800  lbs. 

Tangential  force  at  crank  pin: 

Vertical  scale,  1"  =  17.800  +  2.83  =  7,640  lbs. 

Aooeleration  at  crank  pin: 

Vertical  scale,  1"  =  (7,640  X  12.2)  -*-  1,295,000  =  0.1888  ft.  per  sec. 

Acceleration  at  fly-wheel  rim: 

Vertical  scale,  V  =  (0.1888  X  108)  +  28  =  0.728  ft.  per  sec. 

Areas,  1  sq.  in.  =  7,640  X  9.3055  =  2.885  ft.  lbs. 

Curve  No.  2. 

Horixontal  scale,  1"  *  0.0127  sees. 

Vertical  scale,  1"  =  0.728  X  6  X  0.0127  «  0.065  ft.  per  sec.  at  wheel  rira. 

Maximum  ordinate,  6.8  ins. 

Total  velocity  variation,  6.8  X  0.055  »  0.3215  ft.  per  sec. 

Percentage  of  total  velocity  variation.  0.00846. 

Coefficient  of  unsteadiness,  289. 

Curve  No.  3. 
Horizontal  scale,  1"  =  0.0127  sees. 

Vertical  scale.  1"  =  0.055  X  6  X  0.0127  =  0.00488  ft.  at  wheel  rim. 
Maximum  ordinate,  6.0  ins. 
Total  space  variation,  5.0  X  0.00488  "  0.0219  ft. 

»  0.268  ins. 
»  0.1894  degs 
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SPEED    REGULATION    OF    PRIME    MOVERS    AND 
PARALLEL  OPERATION  OF  ALTERNATORS. 

BY   OflASLES  P.    8TBINM1BTZ. 

Regarding  the  effect  of  speed  regulation  of  prime  movers  on 
the  parallel  operation  of  alternators  therefrom,  three  features 
have  to  be  considered. 

1.  The  permanent  variation  of  speed,  dae  to  a  change  of  load. 

2.  The  temporary  change  of  speed,  due  to  a  sudden  change 
of  load. 

3.  The  periodic  change  of  speed  during  each  revolution. 

1.  With  a  change  of  load  on  the  alternator,  the  power  sup- 
plied to  the  prime  mover  must  be  changed  correspondingly. 
This  is  done  by  a  regulating  mechanism,  which  is  is  based  either 
on  the  speed  (speed  governor)  or  the  acceleration  (inertia  gover- 
nor). The  speed  of  -the  prime  mover  is  a  function  of  the  load, 
usually  decreasing  more  or  less  with  the  increase  of  load.  Since, 
however,  alternators  in  parallel  operation,  and  thus  the  prime 
movers  driving  them,  must  run  in  synchronism  with  each  other, 
it  follows  that  ^he  division  of  load  between  alternators  driven  by 
independent  prime  movers  depends  on  the  division  of  power 
between  the  prime  movers  at  (electrical)  inequality  of  speed,  but 
not  upon  the  characteristics  of  the  alternator,  thus  it  cannot  be 
changed  by  a  change  of  excitation  of  the  alternator,  etc.;  but  only 
by  reacting  upon  the  governor  (or  by  a  change  of  belt  tension 
with  alternators  belted  to  the  same  shaft).  Therefore  for  paral- 
lel operation  of  alternators  a  certain  drop  in  speed,  with  increase 
of  load  is  necessary,  and  with  a  governing  mechanism  maintain- 
ing absolutely  constant  speed  at  all  loads,  the  division  of  load 
becomes  indefinite  and  parallel  operation  ceases  to  be  feasible. 
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If  the  drop  of  speed  with  increase  of  load  is  Dot  uniform,  but 
the  speed  almost  constant  for  moderate  load,  alternators  may  op- 
erate satisfactorily  in  parallel  at  load,  but  see-saw  at  light  load. 

2.  With  a  sudden  change  of  load,  since  time  is  required  for 
the  governor  to  act  and  for  the  flow  of  power  to  the  prime  mover 
to  change  to  the  condition  corresponding  to  the  changed  load,  a 
temporary  change  of  speed  occurs,  larger  than  corresponds  to  the 
change  of  load,  and  to  reduce  this  variation  of  speed,  storage  of 
energy  by  the  momentum  of  the  fly-wheel  is  necessary.  With 
the  steam  engine  the,momentum  of  the  steam,  as  expansive  fluid, 
is  usually  negligible  in  its  effect,  and  the  temporary  eflfect  of 
speed  depends  mainly  upon  the  rapidity  of  the  action  of  the 
governor.  With  water  power,  frequently  the  momentum  of  the 
moving  mass  of  water  predominates  as  a  cause  of  the  speed  fluc- 
tuation with  sudden  change  of  load,  and  the  speed  fluctuation 
thus  depends  upon  the  momentum  of  the  total  moving  maas  of 
water.  Stand  pipes,  relief  valves,  and  deflecting  nozzles  repre- 
sent means  to  reduce  or  eliminate  the  eflfect  of  the  momentum  of 
the  moving  water  column  upon  the  regulation  of  speed  at  sudden 
change  of  load. 

3.  Most  rotary  prime  movers,  as  water-wheel,  steam  turbine, 
etc.,  give  a  uniform  supply  of  power,  and  thus  imiform  speed 
during  the  revolution.  Others,  however,  as  reciprocating  prime 
movers,  steam  and  gas  engines,  supply  the  energy  by  a  num- 
ber of  impulses,  and  the  torque,  and  therefore  speed  of  the 
prime  mover  thus  periodically  varies  during  the  revolution* 
The  resultant  torque  ot  these  prime  movers  consists  of  the 
pulsating  torque  of  the  energy  supply  (indicator  diagram),  the 
alternating  torque  of  acceleration  and  retardation  of  the  recipro- 
cating masse.*,  the  alternating  torque  due  to  the  finite  length  of 
the  connecting  rod,  with  vertical  engines,  the  alternating  torque 
of  gravity  in  the  ascent  and  descent  of  the  reciprocating  masses, 
and  in  gas  engines  also  the  pulsating  negative  torque  of  the 
compressor.  The  speed  variation  resulting  herefrom  can  be 
reduced  by  such  a  design  of  the  prime  mover,  that  the  different 
components  of  torque  superimpose  upon  each  other  to  a  more 
nearly  uniform  torque,  or  by  the  use  of  a  heavy  fly-wheel.  The 
most  objectionable  result  of  this  periodic  variation  of  speed  is, 
however,  the  hunting  of  alternators  and  synchronous  apparatus 
(as  motors  and  converters),  and  this  tendency  to  hunting  seema 
to  be  aggravated  by  the  use  of  heavy  fly-wheels  on  the  prime 
mover. 
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Electrical  motors  as  a  rule  are  not  considered  as  prime  movers, 
although  no  reason  appears  for  making  a  distinction  between 
the  supply  of  power  through  a  hydraulic  pipe-line  or  through 
an  electric  transmission  line.  With  electric  motors  the  rate  of 
rotation  is  uniform  and  the  periodic  variation  of  speed  thus  ab- 
sent, and  due  to  the  practical  absence  of  a  time  lag,  the  tempor- 
ary variation  of  speed  at  a  sudden  change  of  load  absent  also, 
constancy  of  the  supply  voltage  assumed.  With  continuous  cur- 
rent shunt  motors  a  cumulative  series  field  may  be  necessary  for 
parallel  operations  of  alternators  to  secure  tlie  necessary  drop  of 
speed  with  increase  of  load.  With  induction  motors,  while  the 
drop  of  speed  under  load  may  be  considerably  less  than  re- 
quired for  good  parallel  operation  of  engine-driven  alternators, 
the  speed  variation  with  the  load  is  so  uniform  that  no  difficul- 
ties are  met. 

In  parallel  operation  of  alternators  driven  by  synchronous 
motors  due  to  the  absolute  constancy  of  speed  under  load,  an  en- 
tirely diflEerent  set  of  phenomena  occurs,  similar  in  some  re- 
spects to  the  parallel  operation  of  rigidly  connected  alternators, 
but  differing  therefrom,  due  to  the  flexibility  of  the  synchronous 
motors  in  their  relative  phases,  but  rigidity  in  frequency. 

Difficulties  with  parallel  operation  of  alternators  driven  from 
separate  prime  movers  may  be  due  to  : 

1.  Lack  of  synchronizing  power y  due  to  excessive  armature 
reaction.  This  is  practically  unknown  with  modem  alternators, 
in  which  the  synchronizing  power  is  always  far  in  excess  of  the 
requirements  of  keeping  them  in  step. 

2.  Surging  or  hunting  between  the  alternators.  Regarding 
this,  forced  surging  and  cumulative  or  resonating  surging 
may  be  distinguished.  With  prime  movors  giving  a  periodic . 
variation  of  speed  during  the  revolution,  periodically  varying 
cross  currents  flow  between  the  alternators  and  between  alter- 
nators and  synchronous  motors,  in  extreme  cases  even  between 
alternator  and  induction  motor,  of  an  amplitude  depending  upon 
the  amplitude  of  the  speed  variation.  Under  certain  conditions 
this  surging  becomes  cumulative,  gradually  increasing  in  ampli- 
tude so  that  the  machines  may  break  out  of  synchronism.  The 
cause  of  this  cumulative  effect  may  be  found  in  the  electrical 
circuit  in  certain  relations  between  the  momentum  of  the  mov- 
ing mass  and  the  electric  constants  of  the  circuit,  or  it  can  be 
found  in  the  mechanical  construction  of  the  prime  movers,  fore- 
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most  their  governors.  When  due  to  the  former  cause  it  can 
occur  also  with  turbine-driven  prime  movers  and  synchronous 
motors  ;  while  the  mechanical  hunting  of  the  governing  device 
which  is  the  more  frequent  and  serious  phenomenon,  is  most  fre- 
quently found  in  direct-connected,  engine-driven  plants. 

The  cumulative  hunting  is  overcome  by  eliminating  its  cause ; 
that  is,  breaking  the  resonance  condition  of  the  electric  circuit 
by  interference,  or  by  changing  its  constants  and  damping  the 
governor  so  as  to  stop  its  ability  to  hunt,  or  by  reducing  the 
amplitude  of  the  hunting  by  a  damping  device  in  the  electric 
circuit,  usually  in  the  field  of  alternators  or  other  synchronous 
apparatus. 
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PARALLEL    OPERATION    OF    ENGINE-DRIVEN 
ALTERNATORS. 

BY    W,  L.  B.  EMMET. 

There  has  been  and  is  much  diversity  of  opinion  and  practice 
among  engineers  in  relation  to  the  operating  of  alternators  in 
parallel  from  steam  engines.  This  paper  explains  a  method  of 
overcoming  the  difficulties  of  such  operation  which  has  been  in 
successful  use  for  three  years  in  many  important  installations. 

The  problem  to  which  it  relates  is  one  of  the  greatest  import- 
ance, and  the  solution  described  is,  or  is  believed  to  be,  complete 
and  universal.  It  is,  for  every  reason,  desirable  to  the  whole  fra^ 
ternity  of  electrical  engineers,  that  differences  of  opinion  and  of 
method  in  Such  a  matter  be  removed  or  reconciled.  I  hope, 
therefore,  that  this  paper,  with  the  discussions  which  may  follow 
it,  will  serve  either  to  establish  generally  the  use  of  the  methods 
proposed,  or  to  bring  about  the  general  acceptance  of  other  or 
improved  means  for  accomplishing  the  same  result. 

The  problem  of  operating  engine-driven  alternators  in  parallel 
arose  in  Europe  before  it  attracted  attention  in  this  country. 
Our  early  alternating  experience  was,  for  well  understood  reasons, 
eoniined  to  small  generators  operated  on  separate  circuits.  The 
use  of  direct-coupled  engine-driven  alternators  did  not  begin  in 
this  country  until  about  1893,  and  the  cages  of  parallel  operation 
were  quite  infrequent  until  three  or  four  years  later.  During 
the  years  of  N5,  '96  and  '97,  I  was  concerned  in  the  installation 
of  a  number  of  machines  of  this  type  which  were  operated  in 
parallel,  but,  for  various  reasons,  none  of  the  troubles  character- 
istic to  the  parallel  operation  of  alternators  occurred  in  these 
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cases,  8o  that  up  to  the  year  1898  I  had  not  encouDtered  the 
problem  here  discussed  and  had  done  nothing  towards  its  solution. 
In  Europe  the  problem  had  arisen  much  earlier,  and  serious 
troubles  had  been  encountered  which  were  described  in  the  dif- 
ferent electrical  journals.  These  accounts  of  trouble,  combined 
with  our  knowledge  of  phenomena  of  hunting  in  synchronous 
apparatus,  led  me  to  be  apprehensive  about  the  parallel  operation 
of  alternators  under  certain  conditions,  before  the  difficulty  was 
actually  encountered. 

The  first  case  of  trouble  which  I  encountered  was  in  the  fall  of 
1898,  when  two  800  k.  w.  60-cycle  alteraators  operated  at  100 
r.  p.  m.  from  Mcintosh  and  Seymour  engines  were  put  into 
operation  in  Cleveland.  These  machines,  when  thrown  into  par- 
allel, immediately  began  to  surge  so  violently  as  to  render  service 
impossible.  About  the  same  time  we  started  two  1000  k.  w.  60- 
cycle  machines  of  the  same  type  in  Philadelphia  and  four  1500 
k.  w.  60-cycle  machines  at  120  r.  p.  m.  in  Boston.  In  both  cases 
the  same  trouble  appeared  that  had  occurred  in  Cleveland,  except 
that  it  was  worse  in  both  the  latter  cases,  particularly  in  the  case 
of  Boston,  where  parallel  operation  was  at  first  impossible  under 
any  condition  of  load. 

I  happened  to  be  responsible  for  the  engineering  of  these  three 
plants,  and  found  myself  confronted  with  a  very  serious  problem. 
I  carefully  considered  the  available  European  information  which 
bore  upon  the  subject,  and  found  that  two  remedies  for  this 
trouble  had  been  there  applied.  One  of  these  remedies  was 
described  in  an  article  by  Mr.  Gisbert  Kapp  which  came  to  my 
atttention.  This  article  explained  that  the  period  of  oscillatioii 
in  relative  motion  of  parallel  alternators  was  govered  by  two 
quantities ;  namely,  the  electrical  synchronizing  force,  and  the 
weights  of  the  moving  systems.  Mr.  Kapp  explained  that  these 
quantities  could  be  estimated  and  compared,  and  an  arrangement 
could  be  adopted  by  which  the  natural  period  of  oscillation  be- 
tween machines  would  not  conform  to  the  strokes  of  engine,  or 
would  be  of  such  a  frequency  that  trouble  was  unlikely  to  result. 
The  other  method  of  cure  I  found  described  by  M.  LeBlanc,  who 
advocated  the  use  of  deadeners  in  the  form  of  windings  or  at- 
tachments to  the  field  structure  in  which  currents  would  be 
generated  by  the  shif tings  of  flux,  and  which  would  so  serve  to 
consume  energy  and  interpose  an  electrical  friction  which  must 
tend  to  kill  the  oscillations. 
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A  careful  consideration  of  both  these  remedies  indicated  to 
my  mind  that  neither  of  them  afforded  an  adequate  solution  of 
the  difficulty  with  which  we  were  confronted  Special  design  of 
dynamos  to  obtain  certain  synchronizing  effects  with  certain  loads 
was  almost  out  of  the  question,  since  c(«mmercial  dynamos  should 
be  adapted  to  operation  under  all  conditions,  so  that  the  invest- 
ment in  them  may  not  be  lost  when  change  of  condition  is 
brought  about  through  growth  or  other  circumstance.  M.  Le- 
Blanc's  method  was  also  objectionable,  since  it  introduced  de- 
vices which  must  occupy  valuable  space,  and  complicate  the  de- 
sign of  machines,  and  which  must,  under  operating  conditions 
introduce  more  or  less  serious  losses.  It  was  furthermore  reasoned 
that  a  simple  dcadener  could  not  be  complete  in  its  effectiveness 
since  the  deadening  effect  must  increase  in  proportion  to  the 
oscillation,  and  must  be  very  small  where  the  angle  of  oscillation 
is  slight.  It  therefore  seemed  that  this  disappearing  quantity 
would  probably  limit  the  extent  of  oscillations,  but  could  hardly 
be  expected  to  entirely  prevent  them  under  all  conditions.  Our 
subsequent  experience  showed  that  both  of  these  methods  were 
sound  in  theory  and  practicable  within  certain  limits,  but  also 
developed  the  fact  that  they  could  not  be  depended  upon  as  a 
basis  of  commercial  work  under  various  conditions. 

At  the  same  time  that  these  theories  were  being  considered  I 
started  a  set  of  investigations  with  a  view  to  ascertaining  the 
exact  conditions  which  existed  in  engine  and  dynamo  while  these 
troubles  were  occurring.  In  conducting  these  investigations,  I 
reasoned  that  there  must  be  a  powerful  actuating  force  employed 
in  keeping  these  oscillations  alive,  since  the  waste  of  energy  inci- 
dent to  their  maintenance  must  necessarily  be  large,  even  where 
no  pole-piece  attachments  or  other  form  of  deadeners  are  used. 
Theory  clearly  indicated  that  the  oscillation  was  a  pendulum 
action,  whose  period  was  governed  by  the  weight  and  by  the 
synchronizing  power.  I  reasoned  that  this  pendulum  continued 
to  swing  in  spite  of  a  heavy  friction,  and  1  conducted  my  in- 
vestigation with  a  view  to  ascertaining  the  actuating  force.  I 
presumed  that  this  actuating  force  must  come  from  the  steam  in 
the  engine  cylinders,  and  I  had  careful  sets  of  indicator  cards 
made  showing  the  impulses  under  successive  strokes  and  in  the 
different  cylinders.  The  comparison  of  these  indicator  cards 
immediately  showed  that  there  was  a  large  irregularity  in  the 
delivery  of  steam  to  engines,  and  that  the  differences  ef  area  in 
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different  cards  or  in  cards  which  should  he  the  same  under  fixed 
load  were  very  great.  It  was  further  observed  that  these  varia- 
tions arose  from  periodic  motions  of  the  governor,  and  that  they 
conformed  in  period  with  the  swing  of  the  machines,  and  with 
the  fluctuations  of  electro-motive  force  and  current. 

These  facts,  which  were  communicated  to  me  by  letter  from 
Cleveland,  led  me  to  believe  that  the  cure  for  the  trouble  must 
be  sought  in  a  prevention  of  a  rapid  periodic  motion  in  the 
engine  governors.  I  explained  this  in  letters  to  the  engine 
builders,  suggesting  to  them  that  retarding  dash-pots  be  used  on 
their  governors,  which  would  prevent  these  sudden  motions. 
The  builders  of  the  Cleveland  engines,  in  return,  replied  that 
their  governors  were  fitted  with  dash-pots,  and  that  they  were  of 
the  best  anti-hunting  type  then  known  to  the  art.  By  such  cor- 
respondence I  soon  discovered  that  the  matter  was  entirely  be- 
yond the  practical  experience  of  the  engine  builders,  and  that  we 
could  hardly  expect  them  to  afford  us  a  solution  of  the  problem. 
I  then  went  myself  to  Philadelphia,  where  the  conditions  for  ex- 
periment were  favorable,  first  communicating  my  theory  in  writ- 
ing to  the  purchaser  and  to  the  engine  builder  as  a  matter  of 
record.  The  governors  of  engines  in  Philadelphia  were  so 
arranged  that  dash-pots  could  be  very  readily  attached  to  them, 
which  would  limit  the  speed  of  their  motion  to  any  desired  degree. 
Our  first  experiment  was  to  block  the  governors  positively  and 
run  with  fixed  load.  Under  this  condition,  no  sign  of  oscilla- 
tion appeared.  We  then  operated  the  engines  under  various 
conditions  of  load  and  excitation,  with  and  without  dash-pots 
having  various  degrees  of  stiffness.  These  investigations  showed 
that  the  tendency  to  oscillation  gradually  disappeared  as  the 
freedom  of  the  governor  was  limited  by  the  dash-pot.  Under 
certain  conditions  a  small  dash-pot  effect  would  kill  the  oscillation 
altogether,  while  under  other  conditions  a  stiffer  dash-pot  would 
be  found  necessary.  In  every  case,  however,  the  dash-pot 
effected  improvement,  and  the  cure  seemed  to  be  simply  a 
matter  of  degree.  In  this  particular  case,  it  was  found  that  sat- 
isfactory parallel  operation  under  all  conditions  of  service  could 
be  obtained  with  dash-pots  which  were  not  so  stiff  as  to  materially 
interfere  with  the  quick  action  of  the  engines,  and  such  a  cure 
was  adopted,  so  that  the  investigations  were  not  carried  further 
in  this  plant. 

From  my  experience  in  Philadelphia,  however,  I  reasoned  that 
other  cases  would  arise  where  such  a  cure  could  not  be  applied, 
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since  the  dash-pots  Deceenarj  to  afford  stability  of  parallel  opera- 
tion would  be  too  stiff  to  admit  of  the  proper  quick  governing 
of  the  engines.  These  anticipations  were  very  soon  realized  in 
the  operation  of  the  machines  above  mentioned  at  Boston.  In 
these  machines  the  oscillating  tendency  was  so  strong  that  they 
could  not  keep  in  step  at  half  load  with  dash-pots  so  stiff  as  to 
admit  dangerous  variations  of  speed  with  sudden  load  fluctuations 
From  this  experience  it  was  seen  that  we  must  find  some  means 
of  deadening  the  motions  of  the  governor  occasioned  by  the 
oscillations,  and  at  the  same  time  we  must  leave  the  governor 
free  to  move  where  actual  changes  of  load  came  upon  the 
machine.  A  means  of  accomplishing  this  result  was  devised  in 
Cleveland  by  the  combined  efforts  of  Mr.  H.  W.  Buck,  my 
assistant,  and  Mr.  Harte  Cook  of  the  Mcintosh  and  Seymour  Co. 
The  device  is  shown  in  Fig.  1,  which  shows  only  one  of  many 
forms  devised  for  accomplishing  practically  the  same  result. 
The  main  piston  rod  shown  in  this  sketch  is  connected  to  the 
governor  weights  in  such  a  manner  as  to  be  moved  directly  by 
them.  The  space  on  both  sides  of  the  piston  and  all  the  port 
spaces  are  filled  with  a  heavy  gresise.  By-passes,  f,  are  provided, 
through  which  this  grease  can  flow  from  one  side  of  the  piston 
to  the  other.  Each  of  these  by-passes  is  actuated  by  a  sniall 
piston-valve,  o,  backed  by  a  spring,  o,  and  provided  with  a  small 
by-pass,  b.  The  practical  effect  of  this  device  is  that  the  springs 
tend  always  to  keep  the  gates  of  the  main  by-passes  closed,  and 
that  the  piston  is  thus  virtually  locked  until  the  pressure  at  one 
end  of  it  has  forced  the  by-pass  valve  back.  The  first  motion  of 
the  main  piston  is  thus  limited  by  the  size  of  the  small  by- pass, 
B,  whereas  its  later  motion,  after  the  valve  has  been  forced  back, 
is  limited  only  by  the  size  of  the  main  by-pass,  f.  It  will  be 
readily  seen  that  this  dash-pot  can  be  so  adjusted  that  it  will  act 
as  a  temporary  lock  on  the  governor  mechanism,  and  that  it  will 
release  entirely  after  the  tendency  to  govern  has  continued  for  a 
certain  length  of  time. 

Such  dash-pots  were  first  applied  to  the  engines  above  men- 
tioned operated  in  the  plant  of  the  Boston  Electric  Light  Co., 
and  it  was  found  that  they  afforded  a  positive  and  complete  cure 
of  the  oscillating  troubles  which  had  been  experienced  there.  By 
their  use,  with  proper  adjustment,  the  engines  can  be  operated 
under  all  conditions  of  load,  and  with  any  number  in  parallel, 
without  the  slightest  indication  of  the  oscillating  trouble  which 
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was  at  first  so  difficult  to  prevent.  In  this  case  the  tendency  to 
oscillation  was  much  more  positive  than  in  any  other  which  has 
come  to  my  notice,  and  the  perfect  success,  of  the  remedy  has 
led  me  to  believe  that  the  method  is  universally  applicable,  and 
that  all  similar  troubles  can  be  cured  by  its  intelligent  application. 

In  order  tliat  this  form  of  dash-pot  may  properly  accomplish 
its  functions  in  the  most  difficult  cases,  it  must  be  made  strong 
enough  mechanically  and  hydrostatically  to  bear,  for  a  time,  the 
entire  force  imposed  by  the  governor  weights  in  their  effort  to 
assume  a  new  position,  and  the  period  of  such  opposition  must  be 
such  that  the  dash-pot  will  not  unlock  within  the  time  of  a  single 
period  of  oscillation  when  the  machines  are  operating  in  parallel. 
It  is  also  necessary  that  the  dash-pot  be  kept  full  of  grease,  so 
that  there  will  be  no  lost  motion  through  air  spaces.  If  the 
dash-pot  falls  short  in  any  of  these  particulars,  the  remedy  which 
it  affords  will  only  be  partial,  and  in  difficult  eases  it  may  prove 
inadequate.  It  is  only  in  certain  difficult  cases  that  we  need  use 
such  complete  preventives  as  were  found  necessary  in  Boston. 

While  discussing  this  subject,  it  may  be  profitable  to  briefly 
touch  upon  a  few  other  facts  which  have  developed  in  the  course 
of  my  experience  in  the  parallel  operation  of  alternators.  It  is 
popularly  supposed  that  it  is  necessary  to  use  very  heavy  fly- 
wheels in  order  that  alternators  may  be  successfully  operated  in 
parallel;  it  being  the  custom  of  some  engineers  to  consider  a 
guarantee  of  small  angular  variation  as  the  equivalent  to  a 
guarantee  for  parallel  operation.  My  experience  has  rather  in- 
dicated that  generators  with  light  fly-wheels  are  most  easy  to 
operate  in  parallel.  The  frequency  of  natural  oscillations  in 
such  machines  is  high,  and  the  conditions  of  engine  operation 
are  generally  unfavorable  to  their  development.  Lai^  fly- 
wheels are  desirable  on  direct  coupled  alternators,  because  a 
steady  frequency  is  a  valuable  feature  in  any  system.  The  re- 
quirements of  parallel  operation,  however,  are  rather  unfavorable 
than  otherwise  to  the  use  of  heavy  fly-wheels. 

The  peculiar  periodic  action  of  an  engine's  governor  which  I 
have  before  described,  is  not  confined  entirely  to  the  parallel 
operation  of  alternators,  but  also  may  occur  and  cause  trouble 
where  a  single  alternator  is  operating  a  load  of  synchronous 
apparatus.  We  may  even  have  alternators  which  will  operate 
together  in  parallel,  but  which  will,  through  periodic  action  of 
the  governors,  give  trouble  with  certain  loads  of  synchronous 
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apparatus.  It  is  thus  desirable  in  all  cases  to  prevent  this  periodic 
action  of  the  governors,  and  by  this  prevention  many  trouble- 
some difficulties  may  be  lessened  or  overcome. 

The  behavior  of  all  parts  of  the  system  while  this  oscillating 
trouble  occurred  in  parallel  operation  was  very  beautifully  illus- 
trated during  our  experiments  in  Philadelphia.  The  shafts  of 
engines  were  in  line,  and  the  relative  positions  of  poles  could,  at 
all  times,  be  seen,  the  poles  of  one  machine  appearing  to  stand 
still  when  the  machines  were  in  perfect  synchronism.  The 
movements  of  the  governor  mechanism  could  also  be  seen  by 
oscillations  of  a  lever  arm  which  was  in  the  line  of  vision. 
Ammeters  and  voltmeters  were  also  placed  in  the  same  line.  It 
was  possible  at  a  glance  to  see  the  degree  of  angular  displace- 
ment of  the  poles,  the  degree  of  motion  of  the  governor,  and  the 
fluctuations  of  the  current  and  voltage.  An  observation  of  these 
conditions  showed  very  clearly  the  exact  character  of  this  phe- 
nomenon. It  was  found  that  under  some  conditions  the  oscilla- 
tion was  an  extremely  sensitive  matter,  and  had  very  little  power 
of  sustaining  itself.  A  slight  change  in  the  field  strength  of  one 
of  the  machines  would  sometimes  break  it  up  so  that  it  entirely 
disappeared,  after  which  the  machines  might  remain  steady  for 
some  time  and  then  gradually  begin  to  swing  again.  Under 
other  conditions  it  was  more  persistent.  Everything  indicated, 
however,  that  it  could  not  exist  for  any  appreciable  period 
without  the  actuating  force  afforded  by  the  irregularity  of  steam 
impulses. 
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PARALLEL  RUNNING  OF  ALTERNATORS. 


BY    ERNEST   J.    BESO. 

In  the  following  article  an  endeavor  will  be  made  to  show  the 
principles  govering  parallel  operation  of  alternators,  driven  by 
steam  engines  or  turbines.  The  laws  of  parallel  running  when 
generators  are  driven  by  electric  motors  depend  so  much  upon 
the  action  of  the  motors  that  this  part  of  the  subject  is  omitted 
and  reserved  for  another  paper. 

Consider  two  alternators  intended  for  parallel  operation, 
and  let : 

e  =  induced  e.  m.  f. 

Zj  =  /•,  —  ;  aji 

^  =  7*2  — ^*  a?2  =  tli^  internal  impedance  of  the  different 
armatures. 

Y^  and  Y^  =■  the  corresponding  admittances. 

Z  =•  V  —  j  X  =.  the  impedance  of  the  external  loatl. 

JTj  =  joint  admittance  of  the  armature  circuits. 

Z^  =  corresponding  impedance. 

Z^  —  total  impedance  in  the  circuit. 
We  have  then : 


Y,  =   "*»  +  j  -^^ 
*       Z,^^  ^  Z} 

^2  —   y-2  r^  ^-o 


1^  7,  =  r,  +  Y, 


<r>2  ^2     } 
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Zo  =  Z3  +  z 

Total  current  I  =.   -~  - — - 

Voltage  across  load  ^=z  I  Z  =^       -  -^—^ 

Z3  +  Z 

Drop  in  armatures  =  f^ —     — 

Z^  +  Z 

e  Z    \ 

Current  in  armature  No.  1  =  ((3  — =^1  Y^ 

Z%  +  Zf 

Current  in  armature  No.  2  =  (^  —  ^-- — ^1  F^ 

Z3  -f-  /S/ 

Z     \ 

Volt-amperes  of  one  armature  =  6^  ^i  (1  —  y-  - ,  — y) 

Zj  +  Zf 

z    \ 

Volt-amperes  of  one  armature  =  (?  Y^  (1  —  -Ji 

Z-  -|-  Zjf 

Power  of  each  armature  is  the  real  part  of  the  expression  for 
volt-amperes. 
This  is  expressed  as : 


^1  =  ^'  .— ^ 


^         (Tin-- !/  '^i) 


and 


where : 


{m'  +  n^)  (r;^  +  x^) 

'  '    (,;,«  +  ,,^)  (;..,-^  4-  ;r,2 

j9  =  ;r/^  +  ^^'^  —  in  r  —  w  cr 
(^  =  m  X  —  11  r 
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Ti  =  9i+  j  Ji 

Neglecting  the  resistances  of  the  armatures  as  compared  with 
the  reactances,  we  get  the  following  expressions  : 


P.^ 


P>  = 


^  x^r  (a?!  +  g^) 


Z*  {xx  +  x^^  +  Xi  a;./  +  2  a?  a?i  aJ2  (^1  +  ^) 

^  a?i  r  (gj  -{-  a^g) 

Z^  (»i  +  iB2)'  +  x^  ajg*  +  2  a?  a?i  ojj  {x^  +  ajg) 


In  other  words,  the  alternators  divide  the  load  inversely  as 
their  armature  reaction. 

With  a  non-indnctive  external  circuit,  these  questions  be- 
come : 


2 


I\  =  power  of  one  armature  =       ^  ^  ^2  (a?i  +  a^)    ^ 

r^  (aji  +  x^f  +  a^i  xi 

Pa  =  power  of  other  armature  =    J^^^  ^  ^1  (^i  +  a^) 

^  (aji  +  ajj)*  +  aJi»  a?,* 

which  with  close  approximation  can  be  written : 

r  (aji  +  x^) 

P  =        ^^«^i  ■ 

'        r  (t2?i  +  ajj) 

Therefore  two  machines  of  same  induced  e.  m.  f.  and  arma- 
ture reaction  running  in  phase  will  share  the  load  evenly.  If 
one  has  twice  as  high  armature  reaction  as  the  other,  it  will  take 
one  half  of  the  load,  etc.  Thus  since  machines  of  identical  regu- 
lation have  practically  armature  reactions  inversely  proportional 
to  their  size,  it  is  possible  to  run  such  machines  from  the  same 
engines  at  proper  share  of  the  total  load.  Should,  however,  two 
machines  of  the  same  size  and  different  armature  reaction  run 
from  the  same  engine,  the  distribution  of  power  will  not  be  in 
accordance  with  the  rating. 
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To  balance  the  load  it  is  then  necessary  to  add  reactance  in 
one  armature  or  to  mechanically  oflfeet  one  armature  in  regard  to 
the  other,  or,  finally,  to  run  them  at  such  field  excitation  as  will 
cause  considerable  cross-current,  which  effect  will  be  discussed 
later. 

In  the  discussion  given  above  it  waAj  assumed  that  the  ma- 
chines were  running  strictly  in  phase,  which  would  practically 
limit  the  case  to  alternators  clutched  together.  If,  however, 
they  are  rigidly  connected  together,  but  out  of  phase,  the  cur- 
rent which  is  due  to  the  resultant  of  the  two  e.  m.  f.'s  has  a  dif- 
ferent phase  displacement  from  the  e.  m.  f.  of  one  machine  than 
it  has  from  that  of  the  other,  that  is,  the  energy  corresponding 
is  different  in  the  two  machines,  or  the  one  supplies  more  power 
than  the  other. 

The  relation  of  currents  to  e.  m.  f.'s  can  also  be  changed  by 
changing  the  excitation. 

Assume  machines  of  the  same  armature  reaction  which,  before 
being  thrown  in  parallel,  have  unequal  e.  m.  f.'s.  After  being 
connected  together  their  terminal  voltages  must  be  the  same, 
therefore  a  cross-current  must  flow  between  them  which,  in  the 
higher  excited  alternator,  is  lagging,  and  in  the  other  leading; 
which  currents,  in  conjunction  with  the  field  excitation,  give  a 
resultant  field  of  same  magnitude  in  the  two,  but  displaced  in 
phase.  In  the  higher  excited  machine  it  will  bring  the  resultant 
field  more  in  phase  with  the  energy  current,  thus  giving  a  result 
equivalent  to  an  armature  of  lower  reactance  ;  in  the  lower  ex- 
cited machine  a  result  same  as  higher  armature  reaction.  It  is 
therefore  possible  to  change  the  load  by  change  of  field  excita- 
tion by  sacrifice  of  current,  since  this  method  involves  wattless 
currents  between  the  generators. 

In  view  of  the  above  discussion,  it  is  thus  evident  that  the 
question  of  distribution  of  power  between  alternators  is  quite 
simple,  if  they  are  running  at  absolutely  the  same  speed  at  all 
loads ;  that  is,  if  the  engines  regulate  so  closely  as  to  permit  the 
clutch  to  be  opened  and  the  armatures  still  retain  the  same  posi- 
tions. In  reality,  however,  engines  cannot  be  made  to  govern 
so  closely,  but  one  will  tend  to  hold  up  the  speed  somewhat 
better  than  the  other.  That  being  the  case,  it  is  safe  to  say  that 
as  a  rule  the  engines  will  not  tend  to  give  the  same  power  at 
exactly  the  same  speed. 

Referring  back  to  the  equations  and  discussions  we  find,  there- 
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fore,  that  with  the  same  armature  reaction  and  induced  e.  m.  f., 
if  different  power  is  given  each  machine,  the  armatures  must  be 
offset  a  certain  and  fixed  degree,  which  means  that  by  even  the 
most  minute  difference  in  speed  regulation  the  armatures  are 
forced  to  change  their  relative  positions,  which  obviously  is  a 
cause  for  "  hunting." 

The  relative  power  given  by  each  machine  depends  upon  the 
respective  powers  of  the  engines  at  identical  speeds. 

From  the  above  discussion  it  is  apparent  that  a  definite  tend- 
ency for  "  hunting  "  exists,  and  that  this  hunting  is  manifest  in 
a  mechanical  pulsation  in  the  speed  of  the  armatures,  and  a  trans- 
fer of  power  from  one  unit  to  another. 

A  most  superficial  investigation  will  show  that  this  flow  of 
power  is  much  greater  than  that  corresponding  to  the  stored 
energy  of  the  armature  fly-wheel,  etc.,  at  the  relatively  small 
differences  in  speed,  and  that  pulsating  power  actually  has  to  be 
supplied  by  the  engines.  Therefore,  and  since  power  cannot  be 
obtained  from  an  engine  without  corresponding  steam,  the 
flow  of  steam  must  be  periodic  to  sustain  an  accumulated  himt- 
ing. 

The  remedy  is  therefore  to  be  found  by  preventing  such, 
periodic  flow  of  steam,  which  can  be  accomplished  by  proper 
dash-pot  arrangements  at  the  governor.  Other  remedies  also  sug- 
gest themselves,  the  favorite  being  to  make  a  short-circuited 
winding  in  and  around  the  field  of  alternatore.  The  object  of  such 
winding  obviously  is  to  establish  a  load  when  these  oscillations 
occur,  which  load  tends  to  stop  the  acceleration  and  retardation 
of  the  armature.  The  disadvantages  of  this  method  are  that 
losses  of  no  small  magnitude  not  only  are  introduced  when  the 
machines  hunt,  but  also  when  they  are  running  at  steady  speed, 
which  losses  are  caused  by  induced  currents  in  this  short-cir- 
cuited winding,  due  to  pulsations  of  flux  incidental  to  modem 
construction  of  iron  clad  armatures. 

Schenectady.  October  14th.  1901. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQLC 


A  paptr  prtsented  at  th*  157th  Mttting  0/  tkt 
Amgrtcan  Institute  0/  Electrical  Engineers^ 
New  York^  October  2Stk,  igoi^  President  Stein- 
met  %  in  the  Chair. 


ANGULAR  VELOCITY  IN  STEAM  ENGINES   IN 

RELATION  TO  PARALLELING  OF 

ALTERNATORS. 

BY    WALTER   I.    8LICIITKB. 

Certain  characteristics  of  the  steam  engine  which  are  of  no 
importance  in  most  applications  of  power  other  than  electrical 
and  even  in  electrical  when  d.  c.  generators  are  used,  become  of 
considerable  importance  when  the  engine  is  direct  connected  to 
an  alternating  current  generator.  These  are  the  peculiar  varia- 
tions in  tangential  effort  on  the  crank,  and  the  consequent  varia- 
tion in  speed  of  the  shaft  and  fly-wheel. 

The  angular  velocity  of  the  fly-wheel  varies  in  two  entirely 
different  ways,  due  to  two  different  causes.  The  first  and  best 
known  is  that  due  to  a  change  of  load,  then  the  average  velocity 
changes,  and  there  is  a  change  in  the  number  of  revolutions  per 
minute. 

The  second  effect  is  due  to  irregularities  in  the  applied  force 
and  transmission  of  that  force,  and  consists  in  a  variation  of  the 
instantaneous  value  of  the  angular  velocity,  while  the  average 
value  and  the  revolutions  per  minute  remain  the  same  and 
constant. 

The  first  is  altogether  a  function  of  the  governor  of  the  engine. 
The  latter  phenomenon,  which  is  the  one  to  be  discussed  in  this 
article,  is  more  complicated  both  in  its  causes  and  effects,  as  itin- 
troduces  the  distribution  of  the  steam  pressure  in  the  cylinder, 
inertia  of  reciprocating  parts,  angularity  of  connecting  rod  and 
moment  of  fiy-wheel.  It  is  of  importance  where  two  or  more 
alternators  are  to  be  run  in  parallel,  or  where  synchronous  motors 
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are  to  be  run  from  one  or  more  alternators.  Such  machines 
tend  to  run  in  exact  synchronism,  and  their  inertia  gives  them  a 
tendency  to  run  at  constant  angular  velocity.  If  now  an  irregu- 
lar pulsation  is  impressed  upon  the  system  by  the  steam  engine, 
there  is  a  continual  effort  in  each  machine  to  keep  in  exact  step 
with  this  pulsation,  which  causes  an  exchange  of  croesKJurrents 
and  a  liability  of  falling  out  of  step. 

When  two  alternators  are  running  in  parallel,  if  they  differ  in 
angular  position,  even  if  revolving  at  the  same  speed,  a  cross- 
current will  flow  between  them,  tending  to  pull  them  together. 
This  cross-current  may  be  wattless  but  even  then  it  consumes 
some  energy  in  the  form  of  /'  r. 

Assuming  that  we  wish  to  limit  this  cross  current  to  10^  of 
the  full  load  current  of  one  generator,  what  angular  displace- 
ment will  be  allowable  ? 

Taking  several  representative  alternators  having  an  average 
regulation  of  9^,  we  find  the  average  short-circuit  current  is  2.5 
times  full   load   current,   thus   the   synchronous  impedance   is 
z  =  e/i  =  J?/2.5. 

The  difference  between  any  two  sine  waves  having  an  ampli- 
tude E  and  displaced  in  phase  by  an  angle  ^  is  2  ^  sin  ^/2. 
This  E.  M.  F.  is  short-circuited  through  the  impedance  of  the  two 
alternators  in  series. 

Thus  cross-current  =  e/z  =  ^ -^^in  ^/2    ^  g^  ^j^  n,^ 

placing  this  equal  to  .10,  we  have  sin  ^/2  =  .04,  j9/2  =  3.3® 
displacement  between  one  wave  and  mean. 

If  we  say  2.5^  displacement  for  round  numbers,  we  have  a 
cross-current  of  .109. 

(A  displacement  of  2.5*^  in  the  electrical  circuit  is  caused  by  a 
much  less  displacement  of  the  fly-wheel. '  There  is  one  complete 
cycle  of  E.  M.  F.  generated  per  pair  of  poles.  Thus  if  p  is  the 
number  of  pairs  of  poles  on  the  generator,  there  are^  X  360  de- 
grees of  K.  M.  F.  generated  in  one  revolution  of  the  fly-wheel. 
That  is,  one  degree  on  the  fly-wheel  equals  jp  degrees  of  e.  m.  f.) 

The  causes  of  the  irregular  effort  are :  The  pressure  of  the 
steam  on  the  piston  due  to  cut-off  and  expansion  is  uneven,  be- 
ing great  during  the  first  part  of  stroke,  and  small  and  even 
negative,  due  to  compression,  at  the  end.  In  the  vertical  engine 
the  weight  of  the  piston,  rod,  cross-head  and  part  of  connecting 
rod  have  to  be  lifted  on  the  upstroke,  but  are  additive  to  the 
steam  pressure  on  the  down  stroke.     This  makes  a  difference  in 
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the  power  of  each  8troke,  raises  the  peak  of  one  and  increases 
unbalanced  energy. 

This  pressure  is  transferred  to  the  crank-pin  through  a  varying 
angle  so  the  effort  is  roughly  equal  to  p  sin  (p.  varying  between 
aero  at  beginning  and  end  of  stroke  and  p  at  middle.  Thus 
there  is  a  combination  of  maximum  values  at  the  point  of  cut-off, 
as  that  comes  near  the  middle  of  the  stroke,  and  we  get  quite  a 
pointed  peak  here. 

The  angularity  of  the  connecting  rod  has  a  different  effect  in 
the  forward  and  backward  strokes,  as  in  the  forward  stroke  dur- 
ing the  early  part  while  the  pressure  is  high  anyway,  it  increases 
the  effect  of  that  pressure  on  the  crank  pin,  and  in  the  latter  part 
it  diminishes  that  effect.  On  the  return  stroke  it  has  the  re- 
verse effect,  diminishing  in  the  early  part  and  increasing  in  the 
latter.  So  that  the  final  effect  is  to  increase  the  peak  of  one  im- 
pulse and  diminish  the  peak  of  the  other. 

The  inertia  of  reciprocating  parts  absorbs  energy  at  the  be- 
ginning of  the  stroke,  and  gives  it  up  at  the  end,  so  it  has  a  bene- 
ficial effect  on  the  diagram,  smoothing  the  peak  and  raising  the 
low  values.  The  combination  of  -two  or  more  cylinders  on  the 
shaft  naturally  tends  to  even  the  effort  and  also  to  diminish  the 
length  of  time  one  impulse  lasts,  thus  diminishing  its  effect. 

Combining  the  effort  of  three  cylinders  would  seem  to  give 
a  more  even  torque  than  two  cylinders,  but  the  actual  diagram- 
matic combination  shows  them  is  very  little  choice  between  a 
two  cylinder  or  three-cylinder  engine. 

In  a  single  cylinder,  double-acting  engine  there  are  two  im- 
pulses per  revolution,  and  in  a  cross-compound  engine  there  are 
four  impulses.  Each  impulse  is  more  or  les^s  like  any  other. 
By  analyzing  the  variation  in  speed  during  one  impulse  we  can 
derive  our  conclusions.  Though  as  all  the  impulses  are  not 
equal,  it  is  as  well  to  select  that  impulse  having  the  greatest 
amount  of  unbalanced  energy  so  as  to  know  the  worst  con- 
ditions. 

During  the  first  quarter  of  impulse,  the  effort  is  less  than 
average,  during  the  second  and  third  quarter  (approximately) 
the  effort  is  greater,  and  during  the  last  (juarter  it  is  low  again. 
The  unbalanced  effort  represents  a  force  which,  acting  on  the  mass 
of  the  fly-wheel,  produces  an  acceleration,  a  =:f/m.  Thus  by 
referring  the  torque  diagram  (Fig.  1.)  to  the  line  of  average 
torque  as  base,  we  get  a  curve  of  acceleration. 

Integrating   this   acceleration,  we   get   a   curve  of  velocity  v. 
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This  curve  la^s  90®  behind  the  acceleration  curve.  Thus  start- 
ing from  a  point  of  minimum  torque  a,  the  acceleration  will  be 
negative.  From  ato  b  the  torque  is  less  than  average,  the  accel- 
eration negative,  the  speed  will  keep  dropping  in  value  until  b 
ifi  reached,  where,  since  the  acceleration  changes  sign,  v  is  a 
minimum,  and  commences  to  increase  again  ;  v  will  keep  on  in- 
creasing as  long  as  the  acceleration  is  positive,  or  to  rf,  where  v 
has  its  maximum  value. 

If  we  assume  the  variation  is  sinusoidal,  then  the  average 
value  of  V  from  a  to  c  is  t?i,  and  of  «,  the  percentage  variation 
in  speed,  is  2  s/n. 

The  speed  is  low  from  a  to  6*,  or  while  the  crank  is  passing  0^ 
of  the  crank  circle  ;  during  this  time  the  crank  continually  falls 
behind  the  position  it  would  maintain  at  constant  angular  veloc- 


For  a 


Fig.  1. 


ity,  and  at  c  the  maximum  displacement  occurs,  for  there  the 
speed  again  becomes  greater  than  average. 

If  the  maximum  displacement  from  mean  is  J,  then  during 
this  time  the  changje  is  from  -^  J  to  —  J  or  2  J  for  an  average 
change  in  speed  of  2  s/n. 

That  is,  if  speed  is  an  average  of  2«/;r  low  during  this  time, 
the  number  of  degrees  passed  will  be  0  {I  —  2  s/n)  and  the 
change  will  he  2  J  =  0  X  2  s/n  or  J  =z  s  O/tt,  where  d  =  360/2  n 
approximately. 

a  the  electrical  displacement  will  be : 


a  =  'Pi  or  'P^^^ 

;r,  2  n  n 


and  5  =  .0174^ 
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where  p  =  number  of  pairs  of  poles 

n  =  number  of  impulses  per  revolution. 

It  is  not  always  safe  to  assume  0  =  360/2«,  as  in  cross-com- 
pound engines  one  impulse  is  frequently  very  much  suppressed 
(due  to  reciprocating  parts)  and  another  prolonged  and  enlarged, 
and  the  longer  an  unbalanced  torque  lasts,  the  greater  the  dis- 
placement even  if  the  total  unbalanced  energy  is  no  greater. 

It  is  interesting  to  note  in  this  formula  for  a  that  the  greater  p, 
the  greater  the  displacement  angle  and  the  greater  n,  the  less 
the  displacement.  Hence  the  advantages  of  low  frequency  and 
multi-crank  engines. 

Substituting  for  a  the  value  2.5°  which  we  have  assumed,  we 
find  the  allowable  speed  variation  to  be  *  =  .0435  n/j?  where  8 
is  per  cent,  variation  from  mean. 

A  very  good  approximation  of  the  fly-wheel  necessary  may  be 
obtained  quickly,  thus : 

The  change  of  energy  stored  in  fly-wheol  for  any  change  in 
speed  is : 

If  ^0 18  the  mean  linear  velocity  of  w  and  2  «  =  {v^ — Vi)/vqj  then 
^2*  —  '^i'  =  V  X  4  «,  thus : 

Pi=zw/2gXV(?X^s. 

jPj  is  the  unbalanced  energy  of  one  impulse  in  foot  pounds 
given  by  area  P^  in  Fig.  3  and  k,  the  unbalancing  factor,  is  the 
ratio  of  this  excess  area  to  the  energy  of  one  revolution  given  by 
area  enclosed  by  line  of  average  torque. 

Hence : 

P^^kxP  =  kx  i^-^-  X  ^'^'"^^ 


74t)  X  #  X  R.  P.  M, 


where  P  is  the  energy  per  revolution  of  crank. 
K.-w.  =  output  of  generator. 
efi-  =  efficiency  of  generator. 
Equating  these  two  values  of  P^ 


2g  .746  X  #  X  K.  p.  M. 
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and  putting  for  a  its  value  in  terms  of  displacement  a 

w  V  a  n  X  #  X  B.  P.  M.  =  A;  X  k.-w.  X  jp  X  41  X  10^ 
wv^a  X  eff'  X  R.  P.  M.  =  A  X  k.-w.  +  ^  X  ^  X  226  X  10*. 

In  this  we  have  three  quantities — v)j  weight  of  fly-wheel ;  k^ 
unbalancing  factor,  and  a,  displacement — two  of  which  may  be 
varied  to  obtain  a  satisfactory  value  of  the  third. 

The  exact  calculations  are  much  longer  and  involve  integrating 
first  the  torque  curve  (which  is  also  an  acceleration  curve  to 
another  scale  since  a  =  F/I  to  get  a  velocity  curve  an<J  inte- 
grating this  velocity  curve  to  get  the  space  curve. 


Fio.  2. 

Let  us  take  the  two  indicator  cards  shown  in  Fig.  2.  These 
are  the  theoretical  cards  of  a  vertical  cross-compound  engine  of 
600-horse  power  at  150  r.  p.  m.  to  be  direct  connected  to  a  three- 
phase  400  K.  w.,  48-pole,  60-cycle  alternator  to  be  run  in  parallel 
with  other  generators  driven  by  water-wheels.  These  cards  and 
data  were  submitted  by  one  of  our  largest  engine  building  com- 
panies with  their  proposition  in  answer  to  a  request  for  bids. 

The  cylinders  are  17"  and  36"  in  diameter,  stroke  30'',  con- 
necting rod  76"  or  5  cranks,  boiler  pressure  150  lbs.,  vacuum  26", 
146  lbs.  initial  pressure  in  cylinder,  and  22^  cut-off  in  h.  p. 
cylinder.  Both  cards  are  reduced  to  l.  p.  piston  area  and  the 
spring  scale  is  30  lbs.  per  inch. 
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Weight  of  piston 284  h.  p.  1691  L.  p. 

••       "pistonrod 178    "       173    " 

•*       "  croBS-head 284    "       284    ** 

'*       '*  connecting  rod 671    *•  .    671    *' 

The  fly-wheel  weighs  34000  lbs.  and  the  outside  diameter  is  12', 

radius  of  gyration  4.67'. 

TABLE  I. 

HIGH   PRESSURE  CYLINDER. 


A 

B 

C 

D 

E 

F 

H 

I 

K 

L 

«• 

Steam 
Pressure. 

.2 

1 

V 

■0^ 

.S 

C/3 

X 

1 

r 

1 

af.8 

•f.7 

— XI. I 

18.  ♦ 

.... 

i8 

.03 

28.8 

—10.5 

»9 

.3c  q 

.368 

7 

8,900 

36 

."5 

28.8 

-7.8 

2T.7 

.588 

.687 

X4.9 

19,000 

54 

.as? 

26.4 

-4.8 

22.3 

.809 

.905 

20.2 

25»8oo 

7» 

.415 

»4.i 

—    .6 

14.2 

.95  « 

l.OI 

14.3 

18,200 

90 

.600 

7.5 

+  1.8 

10 

I.CO 

x.oa 

10 

12.750 

]     ic8 

.735 

5.1 

+  3.3 

9.1 

•95' 

.89 

8.1 

ie,300 

126 

.833 

3.6 

+  5.1 

9.4 

.8c9 

.712 

6.7 

8,550 

'     144 

.922 

».4 

4-  6.0 

9.« 

.S88 

.49 

4.5 

S.750 

t63 

.980 

—4.5 

H-  6.6 

2.8 

.308 

.248 

1.6 

2,C40       , 

♦180 

1. 00 

—12.9 

+  7.5 

—4.7 

... 

LOW 

PRESSUF 

IE  CYL 

[NDER. 

90 

29.5 

+2.29 

—32- 

—  .2 

X08 

2Q.5 

a.3 

—25.8 

+  6 

.368 

20.2 

2,800 

136 

29.5 

-18.9 

17.9 

.687 

8.9 

11,300 

«44 

27.6 

— 11.7 

18.2 

.905 

16.S 

21,000 

Ida 

17-4 

—  2.1 

17.6 

I.OI 

17.8 

27,7CO 

180 

I.. 4 

+  6 

19.7 

1. 00 

19.7 

25.100 

198 

9.6 

+12 

23.9 

.89 

21.3 

27,200 

9t6 

7.5 

+15.6 

254 

.71a 

18.  t 

23,100 

=34 

6.6 

+18 

26.9 

■49 

«3-2 

16,800 

25a 

3.6 

+20 

25.9 

.248 

6.4 

8,aoo 

270 

.... 

+213 

23.6 

Dividing  the  crank  circle  into  a  number  of  equal  parts,  say  20, 
each  division  representing  18^,  we  now  find  the  position  of  piston 
when  the  crank  passes  each  division  ;  this  is  usually  done  giaphi- 
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cally  bj  striking  circles  of  a  radius  =  1=:  conneoting  rod  throngh 
each  point  on  circle ;  this  divides  the  diameter  in  a  ratio  equal  to 
per  cent,  of  stroke. 

Analytically  we  get  this*  as 

8  =  r{\  —  GOS(p)  +  l[i—  VI  —  7^  sin*  (p/P] 
where : 

8  =  stroke  in  feet. 

r  =  crank  length  in  feet. 

I  =  connecting  rod  length  in  feet. 

(p  z=  crank  angle  assumed. 

The  net  pressure  on  piston  (difference  in  pressure  on  two  sides) 
for  each  value  of  8  is  taken  from  indicator  card  and  tabulated  in 
Column  C,  Table  1.  For  convenience,  pressure  per  square  inch 
of  low  pressure  cylinder  is  used. 

The  total  weight  of  reciprot*ating  parts  divided  by  area  of 
piston  {A  =  1020)  is  given  in  Column  D.  These  are  added  on 
down  stroke  and  subtracted  on  up  stroke.  In  this  instance  only 
the  down  stroke  is  considered. 

The  inertia  of  the  reciprocating  parts  is  next  taken  as  in 
Column  E.     Tins'  is  found  from  : 

gr  g  r 

the  accelerating  force  at  the  beginning  and  end  of  the  stroke  re- 
spectively. In  this  10  =  weight  of  piston,  piston-rod,  cross-head 
and  half  the  weight  of  connecting  rod,  jr  =  32,  v  =  linear 
velocity  of  crank  pin,  /•  =  crank  radius,  I  =  length  of  connect- 
ing rod. 

The  correct  curve  of  inertia  is  very  complicated,  but  is  best 
approximated  by  plotting  the  two  values  given  above  and  the 
point  at  which  the  acceleration  is  0  and  drawing:  a  curve.  This 
zero  point  is  accurately  enough  given  by  tan  (f  =  l/r.  This  is 
given  in  Column  E. 

The  acceleration  of  connecting  rod  used  above  differs  very 
slightly  from  the  correct  value  which  is  very  complex,  due  to 
its  peculiar  motion. 

Divide  F  by  area  of  piston,  and  we  have/*,  the  pressure  per 
square  inch  on  piston. 


1.  Perry  '*  The  Steam  Engine." 

2.  IJnwin,  "  Machine  Design."  p.  68. 
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This  is  negative,  or  absorbs  energy  during  the  first  half  of 
stroke,  and  positive  in  the  second  half. 

On  the  high  pressure  cylinder  the  effect  of  inertia  is  not  very 
noticeable,  but  on  the  low  pressure  cylinder,  due  to  its  larger 
size,  the  effect  is  quite  marked.  It  almost  completely  suppresses 
the  peak  of  the  impulse  curve.     (See  Fig.  3). 

These  values  in  Columns  C,  D  and  Eare  combined  algebraically, 
giving  net  pressure  per  square  inch  of  piston,  in  Column  F. 

This  has  to  be  transferred  to  crank  pin  through  an  angle  ip  and 
would  give  P  sin  (p  were  it  not  for  the  shortness  of  the  connect- 
ing rod.  This  effect  causes  the  resolution  of  forces  to  be  mure 
complicated,  and  we  have^  the  tangential  effort  T  on  crank. 
Column  K. 


VU'  —  r^  %m^  iff 

For  comparison  the  value  of  this  with  7^  =  1  and  l/r  =  5,  are 
given  along  with  that  of  sin  ^,  Coluirms  El  and  I. 

We  have  now  the  crank  effort  which,  by  multiplying  by  A^  area 
of  piston,  and  r  the  crank  radius,  gives  the  actual  moment  F  y^r 
in  foot  pounds.  Column  L.  This  we  must  also  find  for  the  l.  p. 
cylinder  and  combine  in  proper  phase  lelation,  usually  90°  be- 
hind the  high  pressure.     Column  A,  Table  II. 

The  next  step  is  to  find  the  average  of  the  resultant  moment. 
This  should  be  averaged  for  one  revolution,  but  if  we  take  it 
for  a  half  a  revolution,  assuming  that  the  energy  of  two  halves 
are  equal,  it  will  be  satisfactory.  This  assumes  that  the  effort  is 
the  same  at  the  beginning  and  end  of  the  half  revolution. 
Column  B  is  unbalanced  moment  at  each  period. 

Find  the  average  unbalanced  force  for  each  period  (Column 
C,  Table  II)  this  acting  on  the  fly-wheel  produces  an  acceleration. 

F=^  la 

a   =  Fg/w  y^ 
in  radians  per  sec.  per  sec. 
where  a  is  acceleration. 

w  =  weight  fly-wheel, 

/•  =  radius  gyration. 


1  Ewing,  •'  The  Steam  Engine,*'  p.  310. 
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As  the  speed  does  not  vary  to  a  great  extent,  we  can  assume 
without  much  error  that  equal  angles  are  passed  in  equal  times, 
therefore  the  time  t  in  passing  18®,  or  1/20  revolution 

-  _        60  sec. 


R.  p.  M.  X  20 


and  at  the  end  of  the  period  the  velocity  will  be  changed  a  X  t 
in  radians  per  sec.  or  multiplying  by  60/2  it  we  get  the  change 
in  B.  p.  M.,  Column  D,  Table  II. 

These  values  are  the  change  in  turns  per  minute  for  each 
period  so  at  any  point  the  actual  velocity  will  be  the  progressive 
sums  of  these  preceding  gains  -|-  c  (the  velocity  at  the  beginning 
of  the  stroke)  since /<^  =z  at  -{-  c. 

.  To  find  the  velocity  at  the  beginning  of  the  stroke  we  sum  all 
the  values  in  Column  £  and  get : 

+  .062  —  1.1416  +  10c  =  0 

This  is  equal  to  0,  since  we  assumed  180®  to  be  a  complete 
period  beginning  and  ending  with  the  same  point,  hence  all  the 
positive  values  must  equal  all  the  negative  values.  Having 
found  Cj  we  add  this  to  each  value  in  Column  £,  and  get  the 
actual  velocity  in  Column  F. 

We  must  now  integrate  the  velocity  curve  to  get  displacement 
curve.  This  is  done  in  the  same  way  as  we  obtained  velocity 
from  acceleration,  thus :  Find  average  velocity  for  each  period. 
Multiply  the  average  velocity  for  each  period  by 


t  = 


150  X  20 

the  time  in  minutes  to  pass  18°,  and  we  get  the  displacement 
in  turns,  and  multiply  this  by  360  and  get  the  displacement  in 
degrees  of  the  crank  circle.  This  is  given  in  Column  H  as  change 
of  position.  Summing  these  as  we  did  the  acceleration,  we  get 
(J  -["  c),  the  relative  position. 

Eliminating  c  we  get  in  Column  K  the  final  displacement 
from  mean  on  crank  circle. 

To  find  the  electrical  displacement  select  the  maximum  value 
and  multiply  by  ^,  the  number  of  pairs  of  poles  on  the  alter- 
nator. 

This  is:  .0379  X  24  =  .91° 


Digitized  by  VjOOQIC 


770 


8LICHTER  ON  ANGULAR  VELOCITY  [Oct.  35 


.  +  4  +  +  -f  r  I   f  f  r  + 


•aoi|i«>(]  SAiivp^ 


4-   +    +    +    +    +    ^    +    +    + 
OooooocTooo 

+  +   i"    i'    i'    I    f    I    I    ' 


-       00        t> 
(V)      en      in     CQ       »      o- 

+  ;■  i"  r  '■  i'  r  -f  +  + 


w       C  ••■       ^      ««       m 

"'^       en       O       «        «n       en       jn 

8        O        O        O        O        0 


^      "''""".Ww 


+     I 


+   +   + 


•XliDopA 


i?of?22?8r?r 

I  +  +  I   r  f  f  r  +  +  -f  + 


M 

•D+J 

•  XjioopA 
aAi)«pH 

o| 

7 

U 

1 

1 

+ 

8 

•8 

' 

1 

1 

1 

■  1 

1 

1 

1 

+ 

Q         •«  -a  •«   Ul   UIVQ 


U      *i>93xx  aSvidAy 


paouvfvquQ 


<  -anbao^L  jwjox 


I  i 


f  f  r  +  +  -f  -f  + 


§.?%58^SSR 


I      I      I      I     +    +   +   + 


8S.88SS,S.S,S.Si8 

MOO       M       S       neo       m««       •'t<L 
^cnr>»  ciMOtmin  ^ 

T   T    I    I    I    1   +  +  +  1    T 


S»8SiS>|888j8S»i 

^       •*       CO        r«*       r^       M        ^        ^       Hj        '^       pH 


•aiSuy  Jfuej.-)       | 


^     S     % 


«  ♦  «  o 
M  en  «  !>. 
«         «         Ci         fit 


Digitized  by  VjOOQIC 


19  1.]  IN  STEAM  ENGINES.  771 

Thii  engine  has  a  very  small  unbalanclDg  factor  and  large 
fly-wheel,  and  is  a  very  good  one  for  the  purpose.  The  fly- 
wheel coald  be  made  lighter.  I  might  say  that  these  particular 
engine  builders  claim  to  make  a  point  of  using  a  safety  factor 
of  5n^,  at  least  in  meeting  our  requirements. 
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Discussion. 

The  Pbesident  : — Gentlemen,  we  have  listened  to  a  series  of 
very  interesting  papers.  I  desire  to  draw  your  attention  to 
one  point  in  Mr.  Slichter's  paper — the  figure  which  he  men- 
tions toward  the  end,  less  than  one  degree  displacement.  This 
is  very  interesting  considering  that  the  engine  has  by  no 
means  an  abnormally  heavy  fly-wheel.  Very  often  you  find 
steam-engine  builders,  if  you  specify  two-and-a-half  or  three 
degrees  displacement,  claim  that  engines  of  so  close  regulation 
cannot  be  built  without  enormous  fly-wheels.  But  here  yon  see, 
apparently  without  great  diflSculty,  a  value  reached  very  mnch 
below  such  specification.  There  are  a  number  of  gentlemen 
here  who  can  speak  on  the  subject.  I  am  sorry  they  could  not 
send  us  the  manuscript  beforehand,  so  that  it  could  be  distrib- 
uted to  you  some  days  before  the  discussion.  There  is  a  com- 
munication from  Mr.  R.  H.  Rice  which  I  will  call  upon  the  Secre- 
tary to  read. 

The  Secretary  read  the  following 

Communication  feom  Mb.  R.  H.  Rice. 

In   designing  engines  to  operate  alternating  current   gener- 
ators in  parallel,  two  features  of  the  design  must  be  carefully 
worked  out.     These  are : 
I.  The  fly-wheel. 

11.  The  governor. 

I.  In  determining  the  proper  fly-wheel  effect  for  any  given 
case  it  is  necessary  to  know  the  variation  in  polar  distance  al- 
lowable from  mean  or  uniform  rotative  position  in  either  direc- 
tion. This  information  must  be  furnished  by  the  designer  of 
the  generator.  It  is  also  necessary  to  know  the  form  of  indi- 
cator card  expected  to  be  realized,  and  the  weights  of  the  recip- 
rocating parts  of  the  engine,  also  for  exact  determination,  the 
moment  of  inertia  and  center  of  gravity  of  the  connecting  rod  Mr* 
Keilholtz  has  shown  the  method  of  obtaining  curves  showing  the 
velocity  of  any  point  on  the  fly-wheel  at  any  position  of  the 
stroke,  also  any  point  in  reference  to  mean  position  or  that  due 
to  uniform  rotation. 

The  writer  believes,  however,  that  graphic  methods  can  be 
used  to  much  greater  extent  in  the  determination  of  these  curves,^ 
and  had  hoped  to  be  able  to  submit  diagrams  showing  the  methods 
employed.  The  time  allowed,  however,  has  been  insuflicient  to 
do  this.  The  graphic  methods  give  much  greater  clearness 
of  perception  in  estimating  the  value  of  the  various  modi- 
fications of  design;  for  instance,  the  determination  of  which  crank 
shall  lead,  the  high  or  low  pressure  ;  and  in  diflScult  cases  it  is 
readily  determinable  whether  some  other  crank  angle  than  90®  will 
prove  suflSciently  beneficial  in  reducing  disturbances  to  make  it 
advisable  to  adopt  this  arrangement. 
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It  is  usually  the  custom  to  deduce  curves  showing  velocity  vari- 
ation and  space  variation  for  half,  and  full  load  and  50J|J  overload, 
using,  in  determination  of  fly-wheel  weight  that  one  of  the  three 
space  variation  curves  which  gives  the  maximum  result.  In  de- 
termining this  curve  of  space  variation,  the  mass  of  rotating 
parts  can  be  conveniently  taken  as  unity  at  the  crank  pin,  and  by 
simple  proportion  the  maximum  variations  found  can  be  reduced 
to  the  required  amounts  by  the  addition  of  mass  at  this  point. 
It  is  then  easy  to  reduce  the  mass  at  the  crank  pin  to  an  equivalent 
mass  at  the  fly-wheel  rim,  and  thus  the  fly-wheel  weignt  is  ad- 
justed to  the  requirements  of  the  generator. 

In  practice,  variations  in  steam  distribution  and  other  acci- 
dental causes  introduce  irregularities  not  allowed  for  in  preced- 
ing calculations,  to  meet  which  an  addition  or  safety  factor  of  30jg 
to  bOfd  is  used  in  determining  the  weight  of  fly- wheel. 

II.  The  type  of  governor  used  is  important,  because 

{a)  It  mu3t  be  readily  adjustable  in  characteristics  to  meet  the 
varying  requirements  of  different  voltages  and  frequencies,  and 
to  provide  for  the  closest  regulation  consistent  with  proper  divis- 
ion of  loading  between  two  or  more  machines. 

(J)  Two  or  more  governors  must  be  readily  brought  into  syn- 
chronism as  regards  rate  of  decrease  of  speed  with  increase  of 
load. 

{c)  The  governor  must  be  readily  adjustable  as  regards  damp- 
ing or  dash-pot  effect. 

{d)  It  must  have  suflicient  power  to  retain  control  of  the  speed 
€ven  under  considerable  dash-pot  resistance. 

((?)  It  must  be  adjustable  lor  speed  from  the  switchboard,  to 
provide,  first,  for  equalizing  the  speed  of  an  unloaded  unit  with 
those  carrying  the  load,  in  order  to  get  the  units  into  step;  sec- 
ond, to  make  the  unloaded  unit  assume  its  share  of  the  load  after 
putting  it  into  step ;  third,  to  permit  of  relieving  a  unit  from  load 
so  that  it  may  be  put  out  of  service. 

As  concerns  the  low  or  medium  speed  engine  with  automatic 
trip  cut-off,  the  inertia  governor,  belted  or  geared  to  the  engine 
shaft,  seems  to  possess  all  the  above  characteristics  in  a  marked 
-degree,  its  great  power  and  rapiditjr  of  action,  even  under  con- 
siderable dash-pot  resistance,  permitting  of  reducing  the  fly-wheel 
to  dimensions  suflScient  to  meet  the  requirements  of  the  generator 
as  previously  explained,  no  addition  of  weight  to  the  fly-wheel 
being  necessary  to  give  time  for  the  governor  to  act. 

The  lighter  the  fly-wheel,  the  less  the  intensity  of  the  pendu- 
lum effect,  described'  by  Mr.  Emmet,  and  the  less  the  resistance 
necessary  to  apply  to  the  governor  in  the  shape  of  dash-pot  re- 
sistance. Dash-pots  which  release  the  governor,  in  case  oi  tend- 
ency to  motion  of  the  governor  weights,  continuing  for  an  ap- 
preciable time,  as  described  by  him,  are  undoubtedly  the  most 
generally  effective. 

The  apparatus  most  satisfactory   for  varying  the  speed  char- 
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acteristics  of  a  governor  consists  of  a  simple  reversing  motor  of  the 
d.  c.  type,  which  screws  up  or  down  a  spring  attached  to  the  gov- 
ernor weights,  the  motor  being  started,  stopped  or  reversed  from 
the  switchboard  bj  a  simple  switch.  By  this  means  the  switch- 
board attendant  is  placed  in  entire  control  of  the  situation. 

Of  two-crank  engines,  the  twin  engine,  non-compound,  operates 
in  parallel  most  easily.  The  cross-compound  engine,  by  reason 
of  the  impossibility  of  accurately  dividing  the  loads  between  the 
two  cylinders,  for  wide  ranges  of  load,  is  more  difficult  to  operate. 
This  is,  however,  now  the  favorite  type  and  can  be  need  without 
fear  of  necessity  for  excessive  fly-wheels.  The  double  tandem 
engine  does  not  give  the  good  results  which  it  would  eeem  to 
possess,  on  account  of  its  greater  complication.  Vertical  engines^ 
require  larger  fly-wheels  than  horizontals,  as  the  weight  of  the 
reciprocating  parts  acting  vertically  downwards  introduces  an 
irregularity  in  the  rotative  forces. 

Three  cranks,  theoretically,  give  a  great  increase  of  steadiness, 
which  is  diminished  in  practice  by  difficulties  of  steam  distribu- 
tion. All  in  all,  economy  of  steam  being  considered,  the  hori- 
zontal cross-compound  seems  the  best  all-round  type,  with  the 
vertical  form  second. 

The  Pbbsident: — Gentlemen,  we  would  like  to  hear  now  from 
Mr.  Seymour,  of  Mcintosh,  Seymour  &  Co. 

Mr.  James  A.  SEraiouii :— When  requested  by  Mr.  Mailloux  to 
make  some  remarks  on  our  experience  with  engines  suitable  for 
operating  alternators  in  parallel,  it  occurred  to  me  that  while  this 
subject  has  come  to  be  quite  generally  understood  by  engineers 
having  a  special  interest  in  it  as  evinced  by  the  thorough  and 
exhaustive  papers  which  have  been  presented  this  evening,  there 
often  seems  to  be  a  lack  of  accurate  knowledge  of  the  require- 
ments necessary  to  successful  operation  among  those  who  may 
be  contemplating  the  purchase  of  such  apparatus ;  and,  together 
with  the  generator  and  engine  salesmen,  they  quite  often  discuss 
the  problem  from  mistaken  view-points  or  with  a  feeling  of  un- 
certainty,  notwithstanding  the  correct  expositions  of  the  subject 
which  have  been  published.  Therefore,  it  seems  to  me  that  in 
order  to  clear  up  the  subject,  some  discussion  of  these  popular 
misapprehensions  is  necessary. 

One  notion,  not  so  common  now  as  formerly,  is  that  close  regula- 
tion is  the  principal  quality  desired.  The  ordinarily  accepted  and 
proper  meaning  of  the  term  "close  regulation"  relates  only  to 
the  difference  in  the  mean  speed  of  an  engine  between  full  load 
and  no  load  as  affected  by  the  control  of  the  steam  supply  by 
the  governor.  The  requirements  in  this  line  for  this  kind  of 
service  are  not  greater  than  for  any  other  ;  in  fact,  some  of  the 
builders  of  alternating  current  machines  are  now  recommending 
a  somewhat  more  sluggish  regulation  than  has  been  usual  in  direct 
current  work  in  order  to  simplify  the  problem  of  dividing  up 
the  load  properly  between  the  parallel  running  units.   Mr.  Stein- 
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metz  clearly  points  out  that  with  no  change  in  speed  the  division 
of  the  load  is  indeterminate. 

The  difference  in  the  requirements  for  the  proper  rnnning  of  a 
single  nnit  from  the  requirements  necessary  to  run  two  such  units 
in  parallel  is  not  generally  understood.  Jn  the  first  case,  in  order 
to  avoid  trouble  with  subsidiary  apparatus,  there  must  be  a  cer- 
tain approximation  to  uniform  motion  throughout  the  revolution. 
This  is  secured  by  increasing  the  balancing  effect  of  the  fly-wheel 
to  the  proper  amount,  which  may  be  determined  by  the  very 
complete  method  given  in  Mr.  Keilholtz's  paper.  When  two 
such  units  are  thrown  in  parallel,  the  principal  diflSculty  to  be 
avoided  is  the  hunting  or  surging  of  the  generators.  Some  of 
the  causes  of  this  trouble  seem  to  be  less  understood  than  any- 
thing else  connected  with  the  subject.  As  pointed  out  by  Mr. 
Emmet,  the  heavy  fly-wheels  which  are  necessary  for  proper  uni- 
formity of  rotation,  as  mentioned  above,  increase  the  chance  of 
trouble  from  the  hunting  of  generators.  This  is  quite  con- 
trary to  a  popular  idea  that  sufficient  uniformity  of  rotation  in- 
sures correct  operation  in  parallel. 

Of  course,  in  one  sense,  it  is  true,  that  if  two  units  run  in 
parallel  with  the  revolving  parts  of  both,  always  within  a  certain 
deviation  from  the  position  of  absolutely  uniform  motion,  there 
CAn  be  no  harmful  surging ;  but  as  we  use  the  term  "  deviation 
from  the  position  of  uniform  motion,"  it  refers  only  to  the  de- 
viation of  a  unit  running  singly  at  some  constant  load  between  no 
load  and  full  load,  such  deviation  being  due  to  the  irregularity 
of  the  torque  of  the  applied  forces,  and  being  limited  by  the  bal- 
ancing effect  of  the  fly-wheel.  The  trouble  is  when  two  sucli  units 
are  put  in  parallel,  the  deviation  may  be  found  to  have  become 
mucn  greater.  This  increased  deviation  is  the  "cumulative"  de- 
viation referred  to  by  Mr.  Steinmetz,  and  may  be  caused  by  the 
combined  action  of  the  governors  and  the  "  pendulum-like " 
oscillations  described  by  Mr.  Emmet.  Since  the  effect  of  this 
oscillatory  movement  is  to  simultaneously  retard  the  speed  of  one 
unit  and  quicken  that  of  the  other,  the  governor  of  the  unit 
which  is  being  retarded  will  act  and  will  cause  more  steam  to  be 
admitted  ;  while  in  the  other  unit  the  steam  supply  will  be 
similarly  diminished.  It  will  be  noted  that  the  governors,  in 
doing  this,  are  only  performing  their  normal  functions  as  speed 
regulators.  There  is  necessarily  an  interval  of  time  between  the 
commencement  of  governor  action  and  the  change  of  speed  re- 
sulting from  the  effect  of  such  action  on  the  steam  supply.  This 
I  will  call  the  time  interval  of  governor  action.  A  correspond- 
ing time  interval  for  the  swing  or  half  period  of  the  pendulum- 
like oscillations  of  the  governors  will  result  in  a  reversal  of  the 
swing  of  each  unit  by  the  time  the  change  of  speed  is  effected  by 
the  governor,  and  therefore,  in  an  impetus  to  the  faster  unit  and 
a  retardation  of  the  slower  unit.  This  will  cause  a  building  up 
of  oscillations  until  parallel  running  is  impossible.     If  the  time 
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intervale  correspond,  aa  above,  the  oscillations  will  be  built  up 
from  even  a  verj  small  displacement  of  phase,  which  may  resnlt 
from  the  machines  not  being  initially  thrown  into  exact  phase, 
or  from  the  allowable  deviation  from  uniform  motion  of  the  en- 
gines, or  from  other  caaees. 

The  cause  of  surging  is  quite  generally  described  as  due  to  the 
hunting  tendency  of  the  engrine  governoro.  This  is  often  not 
correct,  and  gives  a  wrong  impression  as  to  the  nature  of  the 
trouble.  It  is  true  that  if  the  governors  are  over-sensitive  and 
unstable,  they  will  have  a  hunting  tendency,  which  will  cause 
surging  even  with  direct-current  apparatus.  Surging  of  alterna- 
tors may  also  occur  with  types  of  valve  gear  where  the  cut-off 
mechanism  is  so  sensitive  that  slight  periodic  changes  in  its 
position  easily  affect  the  cut-off.  This  may  be  due  simply  to  lost 
motion,  to  the  effect  of  the  steam  valves  on  the  governor,  or  to 
other  causes.  If  the  vibration  period  of  tlie  governor  weights 
happens  to  correspond  with  the  oscillation  period  of  the  gener- 
ators, there  will  doubtless  be  an  increased  tendency  to  hunt. 
However,  in  some  of  the  cases  cited  by  Mr.  Emmet  where  this 
trouble  was  first  encountered,  the  surging  persisted  until  the 
damping  of  the  governor  action  in  both  engines  was  carried  to  a 
degree  which  nearly  rendered  the  governor  inoperative.  Damp- 
ing the  governor  of  one  unit  did  not  prevent  trouble  with  the 
other.  If  the  surging  had  been  caused  by  a  harmonic  vibration 
of  the  governor  mechanism,  it  would  seem  that  a  lesser  damp- 
ing, or  a  damping  of  only  one  governor,  would  have  broken  it 
up.  It  was  found  necessary  in  one  instance,  however,  to  damp 
both  governors  with  an  ordinary  dash-pot  to  such  an  extent,  that, 
while  the  governor  would  regulate  wirhin  2^  from  full  load  to  no 
load,  when  full  load  was  suddenly  thrown  off,  the  momentary 
variation  in  speed  was  about  16%.  The  period  of  oscillation  was 
observed  to  be  about  four  revolutions,  or  two  seconds.  Any 
quick  acting  and  sensitive  governor  will  be  sensibly  affected  by  a 
change  of  speed  lastiner  for  half  such  a  period,  and  the  time  inter- 
val of  governor  action  must  be  just  about  right  to  cause  a  build- 
ing up  of  the  oscillation. 

Mr.  Emmet  quotes  Mr.  Kapp  as  explaining  that  the  period  of 
oscillation  of  the  revolving  part  of  such  units  is  a  function  of  the 
synchronizing:  power  and  of  the  inertia  of  the  revolving  mass. 
"What  I  wish  to  make  clear  is  that  where  this  period  is  long 
enough  to  permit  of  sensible  action  by  the  governor,  and  where 
the  time  interval  of  governor  action  corresponds  to  a  half  period, 
as  before  described,  cumulative  surging  may  necessarily  occur, 
even  with  a  perfectly  stable  governor,  which  cannot  properly  be 
said  to  have  any  hunting  tendency.  Periods  long  enough  to 
cause  this  trouble  are  usually  found  only  with  lower  speeds  and 
heavy  wheels,  but  these  are  necessary  features  for  the  very  large 
units  which  are  often  called  for  by  the  kind  of  service  to  which 
alternating    work   is    peculiarly   adapted.     An    obviously  sure 
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Teinedv  is  to  lengthen  the  time  interval  of  governor  action  euf- 
^ciently  to  break  up  its  cumulative  eJSect  on  the  oscillations. 

Of  course  a  governor  is  equally  responsive  to  changes  of  speed, 
whether  due  to  changes  of  load  or  to  the  oscillations  referred  to. 
As  stated  by  Mr.  Emmet,  the  impossibility  of  sufficiently  delay- 
ing the  action  of  the  governor  'by  the  usual  damping  devices 
"Without  ruining  it  as  a  speed  regulator,  led  to  the  invention  by 
Mr.  Cooke  of  the  time-delay  dash-pot  described  by  Mr.  Emmet. 
This  device  allows  the  fi:overnor  to  respond  to  the  least  change 
of  speed  if  persistent  beyond  the  period  of  oscillation,  but  gives 
a  heavy  damping  effect  for  a  shorter  period.  With  this  device, 
it  has  been  found  necessary  to  lengthen  the  time  interval  of  gover- 
nor action  to  such  a  small  extent,  that  the  efficiency  of  the  gover- 
nor as  a  speed  regulator  is  not  appreciably  lessened.  U.  S.  patent 
No.  677,064  has  been  granted  to  Mr.  Cooke  covering  this  form 
<)f  dash-pot.  This  fact  should  be  published  in  the  Transactions 
ol  the  Institute  simultaneously  witli  Mr.  Emmet's  paper  describ- 
ing this  device;  otherwise,  the  natural  inference  would  be  that  it 
is  public  property.  This  would  be  unfair,  both  to  any  one  who 
misrht  wish  to  make  use  of  it  and  to  Mr.  Cooke. 

Mr.  Keilholtz's  paper  gives  a  carefully  worked-out  method  of 
<letermining  the  relation  between  the  balancing  effect  of  the  fly- 
wheel and  the  deviation  from  the  position  of  absolutely  uniform 
motion.  He  also  gives  an  interestinu:  experimental  determination 
from  an  actual  case.  Owinaj  to  the  very  small  deviation  ob- 
tained with  the  proper  weight  of  fly-wheel  for  actual  service,  and 
to  the  very  short  time  intervals,  all  of  which  introduce  great 
difficulties  in  making  correct  observations,  I  think  Mr.  Keilholtz 
is  to  be  congratulated  that  his  ingenious  methods  resulted  in  such 
a  very  fair  agreement  between  the  measured  and  the  calculated 
Tesults. 

In  determining  the  deviation  of  engines  designed  for  this  ser- 
vice, we  use  the  ordinary  and  very  convenient  approximate 
method  described  by  Prof.  Unwin  and  other  writers,  and  employ 
a  graphical  solution  throughout.  This  approximate  method  as- 
sumes the  entire  weight  of  reciprocating  parts  to  be  concentrated 
ai  the  crosshead  pin.  I  have  determined  the  difl^erence  in  re- 
sults obtained  by  this  approximate  method  and  by  the  exact 
method  given  in  Mr.  Keillioltz's  paper,  starting  with  the  turning 
moments  given  in  the  table  of  his  paper,  but  substituting  for 
inertia  moments  those  obtained  by  the  approximate  method.  The 
maximum  variation,  which  is  the  sum  of  the  maximum  deviations 
ahead  of  and  behind  the  mean  position  of  uniform  motion,  is  but 
42/100  of  one  per  cent,  less  by  the  approximate  than  by  the  ex- 
act method.  I  do  not  consider,  however,  that  it  would  be  safe 
to  assume  that  the  error  would  always  be  so  insignificant. 

Mr.  Slichter  in  his  paper  discusses  some  formulas,  based  on 
the  number  of  steam  impulses,  for  determining  approximately 
the  deviation  from  the  position  of  uniform   motion,  and  rightly 
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questions  the  accuracy  of  this  metliod  because  it  entirely  neglects 
inertia  eflEect?.  The  period  of  steam  ImpuiseB  in  an  engine  hav- 
ing two  cranks  90°  apart  is  one-fourth  of  the  revolution,  while 
the  period  of  inertia,  statical,  and  connecting-rod-anoularity 
effects  is  one  revolution.  With  a  given  acceleration  the  dis- 
placement varies  as  the  square  of  the  time.  In  this  case,  there- 
fore, the  acceleration  due  to  the  inertia  forces  may  in  one  sense  be 
said  to  be  sixteen  times  as  effective  as  the  acceleration  due  to  the 

1>res8ure  of  the  steam.  Even  in  cases  where  the  piston  speed  is 
ow,  and  the  forces  due  to  steam  pressure  are  of  very  much  greater 
magnitude  than  the  inertia  forces,  the  effect  of  the  latter  on  the 
deviation  will  be  considerable,  and  will  increase  with  a  rise  in 
piston  speed.  Also,  since,  as  Mr.  Slichter  points  out,  these 
different  forces,  when  combined,  generally  tend  to  neutralize  each 
other,  thus  making  the  crank  b(»x  effort  more  uniform,  a  small 
variation  in  the  relative  magnitude  of  these  forces  may  produce 
a  much  greater  proportional  change  in  the  amount  of  deviation. 

In  short,  it  does  not  seem  to  be  possible  to  determine,  even 
approximately,  the  deviation  of  any  engine  without  combining 
the  torque  curves  of  the  different  forces  and  finding  by  successive 
integrations  the  velocity  and  displacement  curves. 

It  is  possible  to  make  the  determinations  for  each  crank  separ- 
ately. In  combiniiij^  them  the  effect  of  different  crank  angles 
can  easily  be  investigated.  I  have  in  mind  a  large  vertical  cross- 
compound  engine  which  Ins  nothing  about  it  out  of  the  ordinary, 
except  a  rather  high  piston  speed.  The  smallest  maximun)  devia- 
tion was  secured  with  the  cranks  180  degrees  apart  or  in  oppos- 
ite positions.  With  crank  at  right  angles,  one  sequence  of  li.  p. 
and  1.  p.  cranks  gave  a  smaller  deviation  that)  the  opposite  se- 
quence, and  with  cranks  SS''  apart,  nearly  the  same  results  were 
obtained  as  with  cranks  opposite.  In  this  case  the  effect  of  steam 
impulses  was  so  subordinate  to  the  effect  of  the  other  forces,  that 
when  cranks  were  arranged  to  give  two  steam  impulses  a  revolu- 
tion, the  deviation  was  smaller  than  when  cranks  were  spaced 
to  give  four  steam  impulses  a  revolution. 

When  a  low  frequency  is  used,  if  the  weight  of  fly-wheel  is 
determined  solely  by  the  deviation  requirements,  it  will  not  be 
heavy  enough  in  some  cases  to  serve  as  a  proper  balance  wheel 
for  the  engine — having  in  mind  the  ortlinary  requirements  for 
an  engine  working  under  variable  load  in  any  kind  of  electrie 
service. 

In  regard  to  the  method  of  throwing  machines  into  step,  some 
operating  engineers  prefer  to  do  thi3  by  simply  throttling  down  the 
light  engine.  Others  prefer  a  speed-changing  device  by  which 
the  governor  can  be  adjusted  while  running.  Some  such  device 
is  very  convenient  for  dividing  up  the  load  between  engines,  since 
it  avoids  the  necessity  of  keeping  the  governors  always  in  accur- 
ate adjustment. 

The  first  engines  which  we  installed  for  this  service  were  used 
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with  300  k.  w.  generators  running  at  150  revolutions.  Although, 
as  mentioned  before,  the  division  of  the  load  is  easier  with  some- 
what sluggish  regulation,  these  engines  were  without  difficulty 
thrown  into  step  with  each  other  by  throttling,  were  run  in 
parallel  operation  without  hunting,  and  divided  up  the  load 
properly  with  a  variation  from  full  load  to  no  load  of  1^  per  cent. 
There  was  nothing  special  about  the  construction  of  the  gover- 
nors, no  time-delay  dash-pots  were  used,  and  yet  there  were  no 
troubles  from  surging.  The  wheels  were  light,  in  view  of  the 
fact  that  the  engines  were  of  the  tandem  type.  This  helped  out 
in  the  matter  ot  surging,  as  did  also  the  speed;  the  60-cycle  fre- 
quency was  against  it,  however.  Considerable  attention  is  neces- 
sary to  keep  them  in  adjustment  so  that  the  load  will  be  properly 
divided.  These  engines  were  installed  without  any  conception 
of  the  troubles  which  have  ultimately  developed  with  units  of 
larger  size  running  at  lower  speeds.  It  would  probably  not  be 
safe  to  count  on  duplicating  this  result. 

Some  time  since,  in  connection  with  the  installation  of  three 
Westiilghouse  two  phase,  revolving  armature,  500-volt,  60  cycle, 
1,500  k.  w.  units  running  at  116  r.  p.m.,  and  one  smaller  unit  of 
750  k.  w.  capacity,  after  the  contract  for  the  engines  was  closed, 
we  received  a  request  from  the  engineering  department  of  the 
generator  contractors,  asking  for  a  fall  in  speed  between  no  load 
and  full  load  of  5^',  for  the  purpose  of  aiding  in  proper  divisiona 
of  the  load.  When  the  engines  were  started  up,  the  consulting 
engineer  for  the  company  which  was  installing  the  plant  statea 
that  he  had  contracted  for  engines  to  regulate  within  2^,  and  ob- 
jected to  5%.  Therefore,  the  engines  were  adjusted  to  give  close 
regulation,  in  accordance  with  his  view.  These  engines  were 
provided  with  time-delay  dash-pots,  and  also  an  attachment  to 
the  shaft  governor  for  changing  the  speed.  This  device  is 
operated  electrically  from  the  switchboard  while  the  engine  i» 
running. 

I  give  in  full,  reports  of  two  series  of  tests  made  by  the  station 
operating  force  with  these  units.  These  tests  show  the  perform- 
ance of  the  units  when  running  in  parallel  under  different  con- 
ditions, and  indicate  no  trouble  from  dividing  up  the  load,  not- 
withstanding the  close  speed  regulation  by  the  governors.  The 
first  series  is  as  follows : 

Mrst. — Our  No. '3  engine  was  loaded  up  to  about  1,200  k.  w., 
the  load  being  delivered  to  a  water  rheostat  through  the  raising 
transformers.  The  No.  2  generator  was  then  started  up.  By 
the  use  of  the  governor  motors  the  speed  of  No.  2  was  easily  ad- 
justed so  that  the  phase  lamps  madeonecycle  in  about  one-half  min- 
ute. The  best  speed  of  the  phase  lamps  cycle  for  synchronizing  is^ 
about  one  cycle  in  two  seconds.  When  this  speed  was  obtained 
the  two  generators  were  thrown  in  multiple  on  the  high  tension 
side  of  the  raising  transformers.  About  200  amperes  per  phase 
(the  generators  are  SOO-volt,  2-phase)  showed  up  on  the  ammeters* 
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A  slight  adjastmenfe  of  the  field  rheostat  cut  this  current  down  to 
zero.  Each  generator  is  equipped  with  Westinghonse  long-scale 
indicating  wattmeters.  The  total  swing  of  these  wattmeters  on 
the  two  engines  was  about  100  k.  w.  on  each  meter.  The  prob- 
able interchange  of  energy  was  not  over  25  to  50  k.  w.  per  phase, 
and  made  absolutely  no  effect  on  the  voltmeters,  nor  was  there 
any  change  of  current  which  could  be  seen  on  the  Westinghouse 
long  scale  ammeters.  The  governor  motor  of  No.  2  was  then 
speeded  up,Rnd  in  about  one  minute  the  load  was  balanced  between 
the  two  machines.  The  No.  3  governor  motor  was  then  run  in 
the  "slow"  direction  while  No.  2  motor  continued  to  run  in  the 
"fast"  direction.  After  about  i  minute  the  entire  load  was  on 
No.  2,  and  a  slight  adjustment  of  the  field  rheostat,  necessary  on 
account  of  the  regulation  of  the  generator,  cut  the  current  on 
No.  3  down  to  zero.  When  the  two  machines  had  equal  loads, 
the  load  was  changed  from  as  low  as  200  k.  w.  per  machine  up 
to  1,000  per  machine,  and  the  loails  were  divided  inexactly  the 
same  proportion  at  all  points,  and  during  this  change  of  load  the 
oscillations  on  the  wattmeters  were  not  more  than  50  k.  w.  per 
meter,  the  time  being  75  to  100  oscillations  per  minute,  and  did 
not  apparently  correspond  to  the  revolutions  of  the  engine.  No 
attempt  was  made  to  get  the  engines  in  the  same  crank  positions; 
in  fact  no  observations  were  taken  on  this  point. 

Second. — A  large  engine  and  a  small  engine  have  been  run 
together  with  about  100  k.  w.  total  load,  and  the  fluctuations  of 
the  wattmeters  were  about  100  k.  w.  per  phase.  These  fluctua- 
tions were  very  rapid,  perhaps  100  per  minute,  and  rather  more 
severe  than  in  the  above  case. 

Third, — We  can  run  a  large  engine  and  a  small  engine  in 
multiple  with  a  considerable  amount  of  load,  and  the  wattmeter 
fluctuations  are  vjery  moderate.  The  load  can  be  shifted  from 
one  to  the  other  without  inconvenience,  and  nearly  as  easily,  if 
not  quite,  as  in  the  first  case. 

In  no  case  do  the  ammeters  show  any  fluctuations  whatever, 
and  the  wattmeters,  which  are  very  delicate  instruments,  are 
the  only  moans  we  have  of  telling  that  there  is  a  fluctuation  in  the 
current ;  in  fact,  we  consider  the  parallel  running  of  our  machines 
absolutely  perfect,  and,  indeed,  much  easier  than  with  the  aver- 
age d.  c.  plant.  We  have  not,  however,  had  any  considerable 
amount  of  experience  in  this  feature  in  actual  running  condi- 
tions other  than  above  specified,  since  our  load  has  been  very 
light. 

Following  is  the  second  series  of  tests,  made  several  months 
later : 

A  test  was  made  of  two  of  our  direct  connected  generators 
running. in  multiple ;  machines  Nos.  3  and  4  were  used.  The 
engines  and  generators  are  described  below.  These  machines 
were  put  in  multiple  on  the  high-tension  side  of  raising  trans- 
formers at  11,000  volts,  and  under  the  following   conditions  no 
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finctDations  whatever  in  the  ammeters  could  be  seen,  and  the 
fluctuations  indicated  by  wattmeters  were  not  more  than  100 
Ic.  w,  im,  any  case.  All  instruments  were  of  the  Westinghonse 
long  scale  type. 

No.  1.  Two  machines  with  both  phases  in  multiple  at  no  load. 

450  volts. 

Current  zero  on  both  phases. 

No.  2.  Connections  the  same  as  No.  1. 

1,000  amps,  lagging  current  on  each  phase,  caused  by  inten- 
tionally  disproportioning  the  field  current. 

No.  3.  Connections  t£e  same  as  No.  1. 

450  volts. 

200  amps,  on  each  phase. 

100  k.  w.  positive  on  each  phase  of  No.  3  machine.  100  k.  w. 
negative  on  each  phase  of  No.  4  machine,  caused  by  intention- 
ally reducing  the  speed  of  one  engine  and  increasing  the  speed 
of  the  other. 

No.  4.  Machines  in  multiple  on  one  phase  only. 

450  volts. 

Current  0. 

No.  5.  Machines  in  parallel  on  one  phase  only. 

1,000  amps,  caused  by  intentionally  disproportioning  the  field 
current. 

No.  6.  Machines  in  multiple  on  one  phase  only. 

450  volts. 

200  amps. 

100  k.  w.  positive  on  No.  3.     100  k.  w.  negative  on  No.  4. 

No.  7.  Machines  in  multiple  on  one  phase  only. 

450  volts. 

1,200  amps,  on  No.  4.     800  amps,  on  No.  3. 

600  k.  w.  on  No.  4.  400  k.  w.  on  No.  3,  caused  by  dropping 
the  plate  in  water  rheostat. 

No.  8.  460  volts. 

No  amps,  on  No.  3.     2,000  amps,  on  No.  4. 

No  k.  w.  on  No.  3.  1,000  k.  \v.  on  No.  4,  caused  by  inten- 
tionally raising  the  speed  of  No.  4  and  lowering  the  speed  of 
No.  3,  while  the  plates  were  in  resistance  tank,  as  in  No.  7. 

No.  9.  Same  as  in  No.  8,  with  generators  alternated.  "With- 
out changing  the  field  rheostats  from  their  position,  as  in  No.  8, 
but  having  caused  the  electrical  speed  motors  to  throw  the  load 
onto  No.  3,  taking  it  all  away  from  No.  4,  a  current  of  approxi- 
mately 100  amps,  appeared  on  No.  4,  and  a  slight  adjustment  of 
the  field  rheostats  was  necessary  to  bring  this  to  zero. 

No.  10.  Machines  in  multiple  on  both  phases. 

450  volts. 

Between  0  and  50  amps. 

0  to  50  k.  w. 

One  400  k.  w.,  500  v.  rotary  running  at  Eighth  street  sub  station 
and  resistance  tank  plates  having  been  removed. 
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No.  11.  Same  as  No.  10,  with  two  400  k.  w.,  500  v.  rotaries  at 
Eighth  street.  Under  this  condition  the  rotaries  at  Eighth 
street  showed  no  fluctnation  whatever  in  tlieir  current,  while 
with  the  single  generator  running  at  light  load  there  was  a  fluc- 
tuation of  about  200  amps,  in  the  nature  of  "pumping.'' 

The  d.  c.  voltmeter  on  one  rotary,  with  one  engine  running 
light,  varied  about  5  volts  in.  time  with  the  engine  stroke.  With 
two  engines,  one  rotary  showed  a  fluctuation  on  the  d.  e.  volt- 
meter of  less  than  1  volt,  and  2  rotaries  on  2  engines  showed  no 
-fluctuation  of  the  d.  c  voltmeter.  Five  observers  at  the  switch- 
board failed  to  note  any  fluctuations  in  the  metere  when  the  two  400 
k.  w.  rotaries  were  started  and  thrown  into  synchronism  with 
the  two  engines  ,  nor  could  any  current  be  seen  nor  any  change 
in  the  wattmeter  fluctuation  while  the  rotaries  were  operated  or 
•disconnected. 

Ko.  12.  After  shutting  down  No.  4,  No.  3  was  operated  on  the 
water  rheostat  with  1,000  k.  w.  of  load,  the  boiler  pressure  being 
125  pounds.  The  difference  in  speed  between  it  and  No.  2  gener- 
ator, which  was  carrying  the  commercial  load,  was  shown  by  the 
synchronizing  phase  lamps  to  be  about  15  cycles  per  minute,  No. 
3  being  this  much  slower  than  No.  2.  The  circuit-breakers  of 
both  phases  were  opened  under  this  condition  of  load,  and  the 
phase  lamps  made  20  cycles  and  slowed  down  to  about  one  per 
minute,  thus  showing  that  the  engine  did  not  vary  from  the  other 
a  single  revolution  while  having  1,000  k.  w.  thrown  off.  This 
test  was  repeated  three  times  with  identical  results. 

Substantially  the  same  results  are  obtained  with  the  General 
Electric  machmes  of  the  same  capacity  at  Boston,  referred  to  by 
Mr.  Emmet,  and  at  other  installations  where  these  time-delay 
dash-pots  have  been  used. 

Mr.  C.  F.  Scott  : — Mr.  President,  in  the  consideration  of  the 

Earallel  running  of  alternators,  there  is  one  point  whichj  while  it 
as  naturally  been  evolved  in  the  various  papers  and  discussions 
this  evening,  has  not  been  brought  out  with  the  force  which  seems 
to  me  desirable.  It  is  the  fundamental  difficulty  in  the  parallel 
operation  of  alternators,  which  does  not  exist,  for  example,  in  the 
parallel  operation  of  direct-current  machines.  It  is  the  very  great 
difference  in  the  amount  of  power  passing  through  each  alternator 
caused  by  a  slight  difference  in  the  angular  positions  of  their 
armatures.  If  two  direct-current  machines  are  driven  in  parallel 
the  machines  mav  surge  back  and  forth  through  a  certain  angle, 
but  they  will  each  be  delivering  practically  constant  power  to  the 
circuit.  On  the  other  hand,  if  two  alternators  running  in  parallel 
attetapt  to  surge  a  little,  the  one  which  falls  back  may  lose  its 
whole  load,  and  the  one  which  is  forward  may  take  all  the 
load. 

It  is  quite  coumion  to  consider  this  problem  of  alternator  run- 
ning with  particular  reference  to  the  cross  currents,  and  the  im- 
pedance factors,  and  the  wattless  currents,  and  the  oscillation,  and 
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the  fly-wheels,  and  other  things.  But  the  system  primarily  is  a 
power  system  ;  the  purpose  of  the  whole  plant  is  to  furnish  power, 
and  the  alternators  themselves  are  simply  the  instruments  for 
receiving  the  power  of  engines  and  transmitting  it  to  a  circuit. 
For  illustration,  we  may  consider  two  similar  power  systems,  one 
of  which  has  the  electric  elements,  and  the  other  has  not.  The 
electric  system,  which  is  shown  in  Fig.  1  has  two  similar  en- 
gines driving  alternators  which  have  wires  coming  down  to  bus- 
bars which  supply  a  load.  The  second  system,  which  is  shown 
in  Fig.  2,  has  two  engines  like  the  others,  which  drive  gear  wheels 
and  the  gear  wheels  mesh  into  pinions  on  a  shaft.  Tiiat  shaft 
by  a  pulley  and  belt  drives  a  load.  In  both  cases  engines  trans- 
mit power  through  some  instrumentality  to  a  common  load.  In 
both  cases  the  engines  must  run  at  the  same  average  velocity.  If 
one  of  the  engines  with  gears  tends  to  advance  a  little  it  simply 
relieves  the  other  engine  of  load  ;  it  takes  the  load  itself.  If 
there  be  slight  flexibility  in  the  shaft  joining  the  two,  a  slight 
variation  in  angular  position  is  possible,  but  when  there  is 
any  variation  in  angular  position  the  elasticity  of  the  shaft  tends 
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Fig.  2. 


to  drawback  to  the  common  and  neutral  position.  If  now,  for 
any  reason,  one  engine  does  advance  a  little,  it  takes  more  than 
its  share  of  the  load,  and  a  very  few  degrees  displacement  will 
obviously  remove  all  the  load  irom  the  other  engine.  In  this 
oase  the  governor  of  the  loaded  engine — paying  no  attention  to 
other  things — may  immediately  proceed  to  get  ready  to  supply 
more  power;  as  it  has  been  called  upon  for  more  power,  it  gets 
ready  to  deliver  more.  The  other  engine  being  relieved  of  its 
load,  its  governor  begins  to  work  the  other  way,  because  when 
less  load  is  on  the  engine  it  gets  ready  to  deliver  less.  The  elas- 
ticity of  the  shaft  may  immediately  remove  the  loads,  the  engine 
which  lagged  may  now  advance  and  carry  the  greater  load,  see- 
saw action  begins  to  take  place,  and  if  the  governors  have  a  little 
swing  of  themselves  it  is  easy  to  see  how  they  can  very  soon  set 
up  an  oscillation  between  the  governors,  shifting  power  first  from 
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one  engine  to  the  other.  The  analogy  is  obvious.  The  foregoing 
statements  apply  also  to  the  electncal  system  in  which  alterna- 
tors must  run  at  absolutely  the  same  mean  velocity,  but  the  elas- 
ticity, if  you  choose,  of  the  electric  ciixjuit  allows  some  little  die- 
placement.  Now,  if  in  the  alternators  we  do  get  this  condition,, 
if  wattmeters  show  vibration,  and  if  there  are  currents  flowing, 
we  need  not  necessarily  attribute  the  trouble  to  some  fault  in  the 
alternator.  The  alternator  simply  disposes  of  the  power  which 
it  receives.  It  unfortunately  does  not  make  any  power  itself^ 
though  it  does  insist  on  retaining  a  little  of  what  it  gets,  and  if 
wattmeters  shpw  variation,  that  must  mean  the  alternators  are 
receiving  varying  power  from  the  engines  which  drive  them^ 
which  will  generally  indicate  that  the  supply  of  power  to  the  en- 
gines from  the  steam  is  also  varying.  If  two  engines  will  not 
run  alternators  in  parallel,  it  is  likely  that  they  would  not  be 
suited  for  driving  a  common  shaft  by  gearing  if  the  ''  elasticity  " 
and  the  fly-wheel  capacity  of  the  two  systems  were  the  same. 
The  problem  of  parallel  running  is  a  mechanical — an  engine — 
problem. 

By  following  out  the  mechanical  illustration  of  the  problem  of 
synchronizing  in  respect  to  speed,  phase,  and  other  elements,  I 
have  often  been  able  to  get  a  very  much  clearer  idea  of  multiple 
running.  When  any  problem  comes  up,  I  try  to  divest  myself 
of  the  intricacies  of  the  flow  of  current  and  that  sort  of  thing 
and  get  down  to  the  simple  mechanical  analysis. 

I  spoke  of  the  mutual  oscillation  of  the  governors.  If  they 
have  a  natural  period  of  swing  which  corresponds  to  that  of  the 
elastic  shaft  or  of  the  electric  system  they  will  assist  in  swinging 
the  power  from  one  engine  to  another.  The  interference  of 
governors  will  be  one  method  of  cure.  The  governors  may  be 
given  a  period  diflPerent  from  that  of  the  other  parts  of  the  sys- 
tem by  a  diflferent  adjustment,  and  in  that  way  they  may  cease 
to  act  in  harmony  and  may  cause  an  interference  which  will 
prevent  any  continued  shifting  of  power.  It  may  be  that  the 
governor  may  come  in  with  an  oscillation  which  will  be  a  positive 
benefit  by  tending  to  break  up  in  the  other  oscillations. 

The  matter  of  fly-wheels  must  be  considered  in  two  diflferent 
connections.  One  relates  to  the  angular  variation  from  uniform 
speed  during  each  revolution.  The  requirement  is  that  the  mo- 
.  tion  shall  be  sufiiciently  uniform  so  that  in  ordinary  operation  of 
machines  there  will  not  be  excessive  cross  currents  due  to  differ- 
ence of  phase  between  the  e.  ra.  f.'s  generated  by  two  alternators, 
as  one  engine  is  periodically  a  little  in  advance  and  a  little  back 
of  the  other,  due  to  the  irregular  motion  through  the  revolution. 
The  fly-wheel  must  evidently  be  heavy  enough,  so  that  the  flow 
of  current  shall  be  within  reasonable  limits. 

On  one  hand,  therefore,  the  fly-wheel  must  prevent  undue 
variation  being  caused  by  the  variation  in  rotative  eflFort  in  the 
engine.     On  the  other  hand,  it  must   prevent  undue  variation 
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from  external  causes.  The  actual  oscillation  of  a  fly-wheel  of  an 
engine  running  alone  depends  on  the  character  of  the  loads  ap- 
plied. Calculations  such  as  have  been  given  this  evening  apply  to 
an  engine  supplying  power  to  a  uniform  load,  a  dead  load  as  we 
call  it  electrically.  If  it  is  supplying  a  synchronous  load,  a  syn- 
chronous motor  or  a  rotary  converter,  there  is  chance  of  hunting, 
in  which  the  synchronous  motor  or  rotary  converter  will  take 
power  intermittently.  In  that  case  there  may  be  a  reaction  back 
on  the  generator,  wliich  will  cause  its  angular  position  to  vary 
from  the  uniform  very  much  more  than  it  does  from  a  variation  of 
the  dead  load.  In  some  tests  which  1  directed  a  year  or  more  ago, 
this  point  was  brought  out  quite  clearly  by  a  method  of  measur- 
ing the  angular  position,  which  was  not  as  complete  and  elegant 
as  that  outlined  by  Mr.  Keilholtz ;  yet  it  did  very  well  under  the 
circumstances.  A  small  wheel  was  made  to  run  at  uniform 
speed.  Slots  in  this  wheel  gave  an  intermittent  ray  of  light  at 
regular  intervals,  which  was  thrown  on  the  surface  of  the  flv- 
wheel,  on  which  equally  spaced  lines  were  drawn.  The  condi- 
tions were  investigated  careiully,  and  it  was  found,  from  a  little 
theoretical  calculation,  just  what  width  the  lines  should  appear  if 
the  wheel  was  nmning  with  absolute  uniformity.  I  thmk  the 
width  of  the  clear  white  lines  on  black  ground  was  about  a  six- 
teenth of  an  inch.  If,  then,  the  flv-wheel  moved  uniformly, 
these  lines  should  all  appear  in  the  same  place.  If,  how- 
ever, it  did  not  move  uniformly,  but  was  sometimes  a  little  in 
advance  and  sometimes  a  little  behind  the  mean  position,  these 
white  lines  would  show  a  little  above  and  a  little  below  at  differ- 
ent times,  and  as  the  speed  was  quite  rapid  they  would  appear  in 
the  shape  of  a  band,  which  would  be  one-eightn,  a  quarter,  half 
an  inch  in  width,  and  by  noting  the  width  of  this  band  the  total 
amplitude  of  the  vibration  of  the  fly-wheel  was  determined. 
When  running  empty  or  carrying  a  load  of  incandescent  lamps 
or  induction  motors,  there  was  a  certain  slight  variation  in  speed, 
which  could  be  noted  and  read  quite  accurately.  When  a  certain 
rotary  converter  was  started,  the  motion  continued  about  the 
same  for  a  little  while  and  then  increased  in  amplitude,  and  soon 
ran  out  to  quite  violent  proportions,  showing  the  reaction  of  the 
rotary  converter  on  the  engine.  This  engine  had  a  fly-wheel 
which  was  considerably  lighter  than  another  engine  which  was 
running  other  rotary  converters  of  the  same  kind. 

In  certain  other  tests  which  have  been  made  in  another  place, 
there  were  some  tendencies  to  hunting,  and  a  dash-pot  was  ap- 
plied, and  the  oil  in  this  dash-pot,  in  several  tests,  was  made  suc- 
cessively thicker  and  thicker,  which  improved  the  conditions,  but 
they  were  still  not  perfectly  satisfactory.  Then  the  arm  of  the 
dash-pot  was  increased,  and  was  made  three  or  four  times  as 
great,  as  I  now  recall,  and  the  successive  grades  of  oil  were  then 

Eut  in,  with  improving  results  each  time.     Each   one  of  some 
alf  dozen  or  more  tests  showed  an  improvement,  all  in  the  way 
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of  more  effective  damping,  until  the  operation  was  fully  satis- 
factory. 

The  matter  of  dampers  has  been  referred  to,  and  while  the 
point  has  not  been  brought  out  specifically  this  evening,  I  have 
noticed  at  other  times  a  very  great  tendency  of  the  engine  man 
to  think  that  everything  should  be  cured  by  something  in  the 
electrical  system — usually  dampers,  more  dampers;  just  as  the  elec- 
trical man  thinks  something  is  the  matter  with  the  engine  and  speci- 
fies dash-pots ;  more  dash-pots! — which  results  in  a  kind  of  recip- 
rocal action  which  keeps  up  a  continual  oscillation.  The  damper 
does  not  remove  the  cause  of  the  disturbance,  but  does  something 
which  obscures  it,  something  which  prevents  a  cumulative 
action  by  giving  a  mametic  friction,  a  source  of  loss,  and  there 
are  some  cases  in  which  conditions  are  wery  nearly  balanced, 
where  the  damper  may  be  of  considerable  use  ;  and  they  turn 
the  balance  in  favor  of  steady  running.  Dampers  have  been 
mentioned  as  being  a  source  of  )oss  in  certain  classes  of  dynamos. 
The  damper  will  not  be  a  source  of  loss  if  there  is  steady  running, 
or  if  the   magnetic   circuit   is   pretty  uniform.      Primarily  the 
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damper  simply  resists  oscillation,  and  if  there  is  uniform  mo- 
tion, and  if  the  damper  works  effectively,  it  prev^ents  the  oscil- 
lation and  therefore  prevents  the  tendency  to  cumulative  action 
and  has  no  loss  in  it. 

Returning  to  the  mechanical  analogue  we  may  assume  that  the 
flexible  shaft  which  is  driven  through  gears  by  two  engines  is 
provided  with  a  dash-pot.  This  dash-pot  is  so  arranged  as  to  resist 
angular  flexure  of  the  shaft.  It  will,  therefore,  damp  the  oscilla- 
tions which  may  be  set  up,  and  thereby  resist  any  tendency  which 
may  exist  for  periodic  variation  in  the  angular  speed  of  the  en- 
gines. The  dash-pot  acts  only  when  there  is  oscillation,  and 
does  not  consume  energy  unless  there  is  oscillation. 

The  presence  of  dampers,  however,  may  be  a  source  of  loss  if 
the  magnetic  flux  from  the  armature  is  not  uniform.  This  may 
occur  with  armatures  in  which  the  slots  between  the  teeth  are 
pretty  wide,  so  that  the  individual  slot  is  wide  in  proportion  to 
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the  air-gap.  The  magnetic  field  near  the  surface  of  the  armature 
is  not  uniform — the  magnetic  lines  come  out  from  the  teeth  in 
little  tufts;  there  is  a  great  tendency  for  eddy  currents  in  the 
faces  of  the  field  poles  or  in  any  copper  damper  so  placed  as  to 
have  these  tufts  of  magnetism  sweeping  across  it.  If^  however, 
the  magnetic  circuit  is  nearly  closed,  or  partially  closed,  so  that 
at  the  armature  surface  the  slots  or  openings  are  very  narrow, 
then  the  magnetic  flux  is  substantially  uniform,  and  that  loss  does 
not  occur. 

Teeth  of  the  two  kinds  are  shown  in  Fig.  3.  The  open  slots 
produce  a  magnetic  field  which  is  not  uniform,  and  which  will, 
therefore,  tend  to  produce  currents  in  the  pole  face  after  the 
manner  of  an  inductor  dynamo.  The  partly  closed  slots  give 
a  OTactically  uniform  field. 

Kotary  converters  are  usually  made  with  open  slots,  but  as 
there  is  a  large  number  of  teeth  in  the  armature  of  the  rotary 
converter,  and  the  slots  are  small,  the  width  of  the  slot  is  not 
large  in  comparison  with  the  air-gap,  so  that  the  magnetic  field 
reaching  the  pole  faces,  or  the  shields,  is  substantially  uniform. 

Thb  x^besipbnt  : — Gentlemen,  we  desire  now  to  hear  something 
more  on  another  type  of  prime  mover  which  has  not  been  men- 
tioned at  all  here ;  that  is,  the  gas  engine.  Perhaps  Mr.  JSTash 
can  give  us  a  few  words  on  the  gas  engine  and  its  regulation.  As 
you  know,  a  gas  engine  usually  has  a  very  bad  reputation,  of 
having  a  greater  variation  of  speed  than  even  the  steam  engine, 
and  it  would  be  interesting  to  hear  what  has  been  done  in  this 
respect. 

If R.  Nash  : — Mr.  President  and  Gentlemen  :  1  replied  to  the 
invitation  to  address  you  to-night  by  saying  that  I  was  not  suffi- 
ciently familiar  with  the  subject  to  throw  any  light  upon  it.  I 
can  only  say  just  a  few  words  in  relation  to  one  method  of  gov- 
erning which  it  seems  to  me  may  be  applied  to  cure  the  condi- 
tions which  we  have  here.  I  think  all  the  trouble  that  is  intro- 
duced by  the  vibration  of  the  piston  rod  and  by  the  angular 
action  of  the  connecting  rod  can  be  cured  by  a  device  which  we 
have  used  successfully  in  the  direct-connected  system  ;  that  is,  by 
putting  a  massive  governing  device  between  the  engine  and  the 
generator.  That  system  is,  in  my  opinion,  capable  of  being  carried 
out  to  considerable  refinement,  and  I  have  only  been  thinking  to- 
night a  little  along  the  lines  which  have  been  presented  by  the 
papers  and  by  the  speakers  here.  I  can  see  that  there  is  some- 
thing more  required  in  the  refinement  of  regulation  in  the  alter- 
nating current  system  than  we  have  attempted,  and  I  was 
in  hopes  that  perhaps  some  of  the  makers  of  the  Westinghouse 
engines  could  have  given  us  some  light  upon  how  they  have 
operated  the  Westinghouse  engine,  as  they  probably  have  had 
more  experience.  1  am  sorry  to  say  that  I  have  not  to-night  any- 
thing to  add  to  the  subject. 
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ThePse8idbnt: — I  voice  the  sentiment  of  the last^ speaker,  that 
we  would  like  to  hear,  if  possible,  something  from  the  Westing, 
house  gas  engine  manufacturers  who,  as  I  know,  have  built  very 
large  gas  engines,  and  most  of  us  have  seen  one  of  them  in  suc- 
cessful operation  at  the  Pan-American  Exposition.  We  have  a 
number  of  engineers  present  who  have  undoubtedly  made  the 
topic  of  to-night's  papers  the  subject  of  consideration,  and  I 
would  like  to  call  on  Mr.  Mershon. 

Mb.  Ralph  D.  Mershon  : — Mr.  President  and  gentlemen  of  the 
Institute.  The  thing  which  has  most  interested  me  in  the  re- 
marks this  evening  has  been  the  question  of  possible  electro- 
mechanical resonance,  and  it  seems  to  me  that  it  is  a  subject 
which,  to  some  extent  at  any  rate,  has  been  avoided.  The  opinion 
has  been  expressed  by  some  of  the  gentlemen  presenting  papers, 
that  such  resonance  seldom  if  ever  occurs  in  practice.  Some 
others  seem  to  think  that  it  does  occur  at  times.  But  in  neither 
case,  has  any  very  good  reason  been  given.  If  it  is  possible  that 
such  resonance  should  occur,  then  it  seems  to  me  that  in  such 
case  the  remedy  which  Mr.  Emmet  suggests  for  the  prevention  of 
hunting  would  not  be  effective,  because,  as  I  understand  it,  the 
remedy  which  he  proposes  is  a  remedy  for  the  hunting  diiSieulties 
resulting  from  the  governors  themselves,  and  could  not  affect 
troubles  due  to  electro-mechanical  resonance  bet\Yeen  the  gener- 
ators and  the  fly-wheels.  Personally,  I  have  never  come  across  a 
case  where  trouble  from  hunting  could  be  laid  to  electro-mechani- 
cal resonance,  and  for  that  reason,  perhaps  more  than  anything 
else,  I  am  rather  skeptical  as  to  its  ever  existing  in  practice. 

There  is  one  point  mentioned  by  Mr.  Steinmetz,  and  incident- 
ally by  one  or  two  of  the  gentlemen  speaking  after  him,  in  regard 
to  the  stability  of  division  of  load  obtained  in  the  case  of  alterna- 
tors in  multiple  by  allowing  a  certain  decrease  in  speed  from  no 
load  to  full  load.  This  is  a  point  of  some  importance  which  I  do 
not  think  is  understood  by  engineers  generally,  and  is  very  easily 
and  simply  explained  by  a  very  simple  diagram  familiar  to  a  good 
many  of  us,  but  not  to  some,  perhaps.  The  instability  of  regula- 
tion due  to  equality  of  speed  is  well  exemplified  in  the  case  of 
alternating  generators  driven  by  synchronous  motors,  and  Mr. 
Stott,  I  believe,  in  a  paper  read  some  time  ago  before  this  institu- 
tion, mentioned  a  case  of  that  eort  in  which  rather  drastic 
measures  had  been  resorted  to  in  order  to  get  the  machines  to 
properly  divide  their  loads.  As  I  said  before,  a  simple  diagram 
will  show  why  a  fall  from  speed  will  result  in  a  stability  in  the 
division  of  load. 

Suppose  the  regulation  of  the  prime  mover  to  be  such  that  for 
equal  increments  of  load  the  speed  falls  off  equal  amounts.  If 
we  plot  loads  on  a  horizontal  axis  and  speeds  on  a  vertical  axis, 
the  speed-load  characteristic  of  the  prime  mover  will  be  a  straight 
line  as  for  instance  the  line  y  b  in  Fig.  1.  Any  point  on  this 
line  corresponds  to  a  certain  definite  speed,  and  a  certain  defin- 


Digitized  by  VjOOQIC 


IMl.] 


DI80U8810N  IN  NEW  YORK, 


78f. 


ite  load;  that  is,  when  rannlDg  at  any  given  speed  the  prime  mover 
must  be  carrying  a  definite  corresponding  load,  and  vice  versa. 
Sappose  there  are  two  prime  movers  whose  speed-load  character- 
istics are  t  b  and  yo  respectively,  and  that  each  drives  an  alternator, 
the  alternators  being  in  parallel,  t  b  and  y  o  are  shown  as  not 
identical,  because  it  is  not  possible  to  adjast  the  governors  of  two 

{>rime  movers  so '  that  there  will  be  the  same  fall  speed  from  no 
oad  to  fnll  load.  Sappose  the  possible  accuracy  of  identical  ad* 
justment  to  be  equal  to  the  vertical  distance  between  the  points 
B  and  G.  Ifow  the  prime  movers  must  run  at  the  same  speed 
since  their  alternators  are  in  parallel.  That  is,  the  operating 
points  on  their  respective  characteristics  must  lie  on  a  line  c  o 


PiQ.  1. 

parallel  to  o  x  and  the  loads  corresponding  to  the  two  operating 
points  are  o  m  and  o  n  respectively.  The  difference  of  load  car- 
ried by  the  machines  is  therefore  l.  Now  let  both  governors  be 
adjusted  for  a  greater  fall  of  speed,  so  that  y  b  becomes  t  d  and 
Y  o  becomes  y  k,  the  vertical  distance  between  d  and  e  being 
the  same  as  between  b  and  c  since  the  accuracy  of  identical  ad- 

1*ustment  remains  about  the  same  no  matter  what  the  fall  of  speed, 
n  this  latter  case  it  will  be  noted  that  the  difference  in  the  loads 
carried  will  be  only  l.  In  general,  the  greater  the  fall  in  speed 
from  no  load  to  full  load,  the  more  nearly  equal  will  be  the  loads 
carried  by  the  prime  movers. 

Another  point  mentioned  by  Mr.  Steinmetz  was  the  fact  that 
with  an  engine  which  governs  very  closely  at  light  loads  and  not 
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BO  closely  at  heavy  loads,  the  division  of  load  would  be  more  sta- 
ble at  heavy  than  at  light  loads.  I  have  known  of  one  or  two 
cases  where,  without  making  any  close  determination,  apparently 
the  speed  characteristics  of  the  engines,  instead  of  being  anywhere 
near  straight  lines,  were  something  like  those  of  Fig.  2.  You  can 
see  that  in  a  case  of  this  sort  a  given  accuracy  of  identical  adjust- 
ment of  the  governors  will  result  in  a  less  difference  in  load  on  the 
two  engines  at  heavy  loads  than  at  light  loads.  In  the  engines  men- 
tioned the  division  was  not  so  good  at  light  loads  as  at  neavy.  I 
might  mention  also  that  in  some  cases  where  a  remedy  had  to  be 
applied  immediately,  without  any  chance  for  experimentation  or 


0  LOAD 

Pig.  2. 

anything  else,  in  the  way  of  running  in  multiple  generators  which 
hunted  with  the  governors  adjusted  as  sent  out  by  the  en^ne 
builders,  the  trouble  has  been  remedied  by  making  the  engmee 
intentionally  fall  off  a  great  deal  more  from  no  load  to  full  load 
than  they  were  originally  intended  to  do. 

Mr.  Emmet  mentioned  as  a  probable  influence  in  the  preven- 
tion of  electro-mechanical  resonance  that  it  was  not  likely,  in 
most  cases,  that  the  natural  period  of  the  masses  concerned  would 
be  anywhere  near  that  of  tne  pulsation  of  the  engine ;  another 
reason  it  seems  to  me  why  there  is  not  much  chance  for  such 
Tibration  is  the  friction  in  the  mechanisms  itself  which  tends  to 
deaden  those  vibrations,  and  which  would  correspond  to  the 
electrical  friction,  if  we  may  so  term  it,  that  you  would  get  by 
the  use  of  shields  or  deadeners,  or  electrical  devices  of  that  sort 
for  holding  the  machines  in  step. 
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There  was  one  point  mentioned  by  Mr.  Keilholtz  in  regard  to 
the  measurement  of  an^nlar  velocities  and  variations  in  angular 
velocities.  He  stated  that  it  had  been  suggested  that  a  direct 
current  machine  might  be  driven  from  the  prime  mover,  the 
electromotive  force  of  the  machine  opposed  by  a  storage 
battery,  and  a  voltmeter  used  to  read  the  difierence.  It  seems  to 
me  a  much  more  accurate  result  might  be  gotten  by  using  the 
direct-current  machine  and  the  storage  battery,  but  using  instead 
of  the  voltmeter,  an  instantaneous  contact  device  in  connection 
with  a  potentiometer. 

As  I  stated  before,  the  point  which  has  interested  me  the 
moet,  and  which  I  am  sorry  has  not  been  more  gone  into,  is  the 
question  of  electro-mechanical  resonance.  I  wish  that  the  gentle- 
men had  not  limited  themselves  to  a  mere  expression  of  opinion 
in  regard  to  it.  I  should  like  to  have  more  thoroughly  their  rea- 
sons for  thinking  that  such  will  not  exist,  or  such  will  exist,  in 
practice.  Some  seem  to  think  that  it  is  more  likely  to  exist  if  a 
heavy  fly-wheel  be  used  While  I  have  not  gone  into  the  matter 
very  deeply,  my  opinion  is  rather  in  the  opposite  direction  and 
such  experience  as  I  have  had  has  been  in  the  opposite  direction. 
I  have  had  the  trouble  that  Mr.  Emmet  has  spoken  of  in  regard 
to  the  surging  of  two  machines  which  was  traced  to  the  gov- 
ernors. In  a  number  of  cases,  in  one  case  especially,  this  trouble 
was  remedied  by  a  change  in  the  action  of  the  governor,  not  by 
damping  it  at  all,  but  by  changing  its  period,  and  that  change 
was  effected  by  decreasing  the  value  of  the  adjusting  weight  on 
the  governor  and  at  the  same  time  moving  it  farther  out  on  the 
lever,  so  that  while  the  moment  of  the  adjusting  weight  was  the 
same  its  moment  of  inertia  was  changed,  and  with  it  the  natural 
period  of  the  governor. 

Mb.  Emmet  : — There  are  just  a  few  words  I  would  like  an  op- 
portunity to  say  before  I  go.  Mr.  Scott  has  brought  up  a  point 
that  Mr.  Mershon  has  also  mentioned,  about  the  possibility  of  get- 
ting over  this  trouble  by  adjusting  the  weight  to  the  natural 
period  of  swing  of  the  governor.  I  should  think  that  would  pos- 
sibly result  in  benefit  in  many  cages.  Adjustments  could  be  made 
which  would  tend  to  prevent  this  trouble,  which  is  a  somewhat  ex- 
ceptional trouble  that  does  not  occur  in  all  cases,  and  which  is 
liable  to  be  broken  up  by  almost  any  change  in  condition  which 
would  affect  the  period.  But,  generally  speaking,  it  is  not  ad- 
vantageous to  have  to  use  any  special  adjustments  to  accomplish 
this  result.  What  we  want  is  machines  that  will  work  in  parallel 
every  time.  My  experience  has  indicated  that  this  method,  which 
I  have  advocated,  accomplishes  the  desired  result  every  time.  I 
have  yet  to  find  a  case  where  it  fails,  although,  as  I  have  said, 
there  may  be  such  cases.  I  should  like  very  much  to  have  it 
thoroughly  tried.  I  have  heard  of  many  cases  of  parallel  operate 
ing  alternators  that  had  given  trouble,  and  are  giving  trouble  now, 
more  or  less,  at  certain  times.    It  is  very  desirable  for  the  whole 
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electrical  profession  that,  if  a  method  of  this  sort  has  merits,  it 
should  be  used  and  its  merits  or  difficulties  developed  and  ac* 
knowledged.  We  meet  engine  builders  and  people  who  are  not  in 
the  electrical  profession  who  do  not  know  about  these  things.  If 
electrical  men  do  not  agree,  we  cannot  convince  engine  builders, 
and  we  will  have  very  great  difficulties  in  getting  the  practical 
results  we  desire.  I  am  very  anxious  to  hear  of  cases  where  this 
particular  method,  when  properly  applied,  has  failed. 

There  is  one  other  point  that  Mr.  Mershon  brought  up,  that  is 
the  question  of  the  possibility  of  electro-mechanical  oscillation 
without  actuation  by  the  governor.  We  know,  of  course,  that 
this  trouble  with  the  governor  is  simply  an  accompaniment  of  the 
tendency  to  oscillate  electro-mechanically  in  a  certain  period  by 
the  generator.  That  natural  tendency  to  oscillation  is  simply  kept 
alive  by  the  unequal  delivery  of  the  steam.  I  think,  however, 
that  there  is  a  reason,  which  I  stated  briefly,  and  which  possibly 
Mr.  Mershon  did  not  catch,  for  supposing  that  engines  as  a  rule 
will  not  oscillate  with  their  governors  fixed ;  namely,  that  the  en- 
gines are  tied  up  to  the  reciprocating  system,  which  has  irregular 
friction.  It  is  not  a  progressive  friction,  it  is  not  a  steady  fric- 
tion, but  it  is  an  irregular  friction.  Also  irregular  momentum 
which  comes  in  jerks,  and  those  jerks  being  unevenly  distributed 
will  not  conform  to  any  tendency  to  oscillation.  We  know  that 
friction  alone  does  not  stop  hunting  in  electrical  operations. 
Simply  applying  a  brake  to  a  hunting  synchronous  motor  will 
not  stop  its  hunting  at  all.  It  apparently  has  no  effect  so  far  as  I 
have  seen.  However,  an  interrupted  friction,  or  any  periodic 
disturbance  that  is  not  in  conformity  with  the  natural  period  of 
oscillation,  will  interfere  with  this  hunting  and  may  instantane- 
ously stop  it.  Therefore,  we  would  expect  this  irregularity  of 
motion  and  load,  imposed  by  the  moving  parts  of  the  engine 
without  steam,  to  cause  a  deadening  effect  and  to  discourage  the 
electrical  swing,  which  is  a  delicate,  sensitive  effect,  with  a  fixed 
period,  which,  if  disturbed,  will  disappear,  as  all  waves  will  dis- 
appear, when  the  condition  for  their  existence  is  not  maintained. 

The  Pkesidknt  : — I  think  I  can  answer  some  questions  raised 
by  Mr.  Mershon.  I  do  not  believe  the  heavy  fly-wheel  has  any 
direct  effect  on  the  surging  due  to  electro-mechanical  resonance. 
But  the  vicious  effect  of  a  heavy  fly-wheel  is  rather  due  to  the  in- 
creased tendency  of  the  governor  to  overrun,becau8e  if  the  governor 
is  caused  to  act  by  a  temporary  change  of  speed,  due  to  a  sudden 
change  of  load,  while  the  temporary  change  of  speed  is  reduced 
by  the  momentum  of  the  fly  wheel,  the  corrective  effort  of  the 
governor  in  restoring  the  speed  is  retarded  also ;  and  therefore 
the  governor  continues  to  act  after  it  ought  to  have  stopped 
acting.  Hence  the  fly-wheel  has  a  similar  effect  to  the  momen- 
tum of  the  water  in  a  hydraulic  plant. 

In  regard  to  the  question  of  electro-mechanical  resonance,  I 
have  never  observed  it  between  alternators,  but  I  have  observed 
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very  pronounced  eases  of  electro-mechanical  resonance  under  con- 
ditions  where  any  other  source  of  surging  was  excluded;  that  is^ 
one  alternator  driven  by  a  water-wheel,  and  one  synchronous 
motor  or  converter,  in  a  case  where  the  frequency  was  absolutely 
uniform,  where  there  was  no  hunting  between  governors  possible. 
This  led  me  to  an  investigation  which  I  made  about  two  years 
ago  but  which  I  never  quite  completed.  You  will  find  in  text- 
books that  if  you  have  one  alternator  and  one  synchronous  motor 
connected  by  a  line  of  certain  resistance  and  inductance  that  the 
synchronous  motor,  in  its  electromotive  force,  adjusts  itself  in  a 
permanent  and  fixed  relation  to  the  electromotive  force  of  the 
generator,  which  relation  depends  on  the  load  and  the  circuit  and 
relative  e.  m.  f's.,  etc.  But  theoretical  investigation  showed  me 
that  this  generally  accepted  diagram  does  not  represent  the  actual 
condition,  but  that  the  phase  relation  of  a  synchronous  motor, 
operated  from  a  single  alternator  at  absolutely  steady  alternator 
frequency,  is  not  definite,  but  may  vary  periodically  synchron- 
ously with  a  variation  of  speed  and  the  momentum  of  the  syn- 
chronous apparatus,  and  that  the  period  of  this  periodic  variation 
of  phase  relation,  which  means  periodic  variation  of  current  and 
voltage,  or  surging,  depends  on  the  constants  of  the  electric  cir- 
cuit and  the  momentum  of  the  moving  masses ;  that  is,  this 
periodic  variation  is  due  to  electro-mechanical  resonance ;  and 
furthermore,  I  found  that  if  no  damping  devices  exist,  consuming 
energy  proportional  to  the  variation  of  the  speed  from  synchron- 
ism, then  the  amplitude  of  this  periodic  variation  is  either 
infinity  or  zero,  depending  on  the  conditions  of  the  system.  In 
the  first  case,  surging  occurs  of  cumulative  character ;  in  the  last 
case  the  system  is  stable.  Now,  I  have  not  gone  any  further  in 
the  investigation  but  shall  carry  it  out  when  I  have  the  time,  since 
it  gives  the  theory  of  electro-mechanical  resonance  and  gives  the 
conditions  producing  or  eliminating  it. 

Mb.  Mbrshon  : — Any  interaction  which  may  take  place  be- 
tween prime  movers  and  their  generators  due  to  the  governors  is 
not  what  I  understand  as  electro-mechanical  resonance.  Electro- 
mechanical resonance,  as  I  understand  it,  involves  only  the  mo- 
ments of  inertia  of  the  prime  movers  and  generators,  the  electrical 
properties  of  the  generators  and  the  speed  as  affecting  the  period 
of  the  pulsating  forces  on  the  piston.  That  is,  true  electro-me- 
chanical resonance  would  exist  independent  of  the  governing  me- 
chanisms and  would  have  place  if  the  governors  were  put  en- 
tirely out  of  action.  Mr.  Emmet  considers  the  remedy  he  men- 
tions to  be  a  cure  for  all  surging  troubles,  yet,  as  I  understand  it, 
he  believes  electro-mechanical  resonance,  as  I  have  defined  it,  can 
exist.  1  do  not  understand  how  his  remedy,  affecting  only  the 
governor,  can  be  a  cure  for  that  for  which  the  governor  is  not  re- 
sponsible, and  how,  therefore,  Mr.  Emmet's  remedy  can  be  ef- 
fective in  case  of  true  electro-mechanical  resonance.  The  fact  that 
this  remedy  has  been  effective  in  all  cases  where  it  was  applied 
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eeems  to  me  evidence  that  in  none  of  them  was  the  trouble  dae 
to  electro-mechaDieal  resonance,  and  strengthens  me  in  my  opin- 
ion, previously  expressed,  that  it  does  not  have  place  in  practice^ 
or  if  so,  very  rarely. 

Tbe  Pbesident  : — It  is  castomary  at  the  end  of  a  discassion 
to  ask  the  readers  of  the  papers  to  close  the  discussion  by  answer- 
ing questions.  The  time,  however,  is  so  far  advanced  to-night 
that  1  believe  we  may  dispense  with  that,  and  ask  the  authors  of 
the  papers  to  close  the  discussion  in  writing  by  communicating 
to  the  Secretary  the  answers  to  the  questions  which  have  been 
asked  of  them,  and  give  us  any  further  remarks  they  desire  to 
make.    I  believe  a  motion  to  adjourn  would  be  in  order. 

On  motion  of  Mr.  Mailloux,  the  meeting  adjourned  at  11.15  p.  m. 

[Communicated  aftsb  Adjoubnment  by  Mb.  B.  A.  Behbend.] 

Permit  me  to  add  the  following  remarks  in  discussing  the  ques- 
tion of  operating  alternators  in  parallel :  ^ 

The  question  of  operating  alternators  in  parallel  requires  the 
consideration  of  several  factors,  which  are,  to  a  certain  extent, 
contradictory  of  one  another.  Let  us  first  consider  two  or  more 
alternators  driven  by  water-wheels,  the  angular  velocity  of  which 
may  be  assumed  as  uniform.  In  order  to  obtain  as  perfect 
parallel  operation  as  possible,  it  would  seem  advantageous,  at  first 
sight,  to  use  alternators  so  designed  that  the  momentum  of  the 
revolving  parts  is  as  small  as  possible.  In  this  case,  if  the  prime 
mover  showed  a  tendency  to  run  faster  or  slower,  the  second  gen- 
erator could,  on  account  of  its  small  momentum,  almost  instan- 
taneously respond  to  these  changes  in  the  speed  of  the  first  prime 
mo\er.  But,  at  the  same  time,  it  becomes  evident  that  the  small 
momentum  of  the  alternator  permits  of  a  larger  variation  in 
an^lar  velocity  of  the  prime  mover,  and  so  we  see  that  dimin- 
ishing the  momentum  of  the  rotating  parts  of  the  alternator 
would  be  advantageous  in  one  respect  and  disadvantageous  in  an- 
other, and  it  becomes  a  question  of  compromise  to  strike  a  balance 
between  the  advanta^s  and  disadvantages.  From  the  above 
reasoning  it  is  also  plam  that  a  very  large  momentum  would  pre- 
vent the  alternator  revolving  at  a  uniform  angular  velocity,  from 
responding  to  the  changes  in  angular  velocity  in  the  other  alterna- 
tor, the  prime  mover  of  which  is,  for  the  time  being,  lagging  or  lead- 
ing, and  therefore  the  exchange  of  synchronizing  current  might 
be  greater  with  a  heavy  fiy-wheel  than  with  a  light  one,  although 
the  heavy  fly-wheel  would  diminish  the  lack  of  uniformity  in 
angular  variation  of  the  prime  mover. 

It  is,  of  course,  imperative  to  obtain  an  angular  velocity  as 
nearly  uniform  as  possible.  We  may  consider  three  different 
kinds  of  prime  movers : 

{X\  Water-wheels  and  steam  turbines. 

(2)  Steam  engines. 

(8)  Gas  and  oil  engines. 
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The  prime  mover  under  (1)  has  practically  a  uniform  angular 
velocity.     The  prime  mover  under  (2)  receives  a  number  of  im- 

Eulses  during  one  revolution  which  is  dependent  upon  the  num- 
er  of  cranks  of  the  engine.  The  prime  movers  under  (3)  are  the 
most  unfavorable  in  regard  to  uniform  angular  velocity,  owing  to 
the  explosions  of  the  gas  and  the  irregular  crank-eSort  consequent 
upon  it.  In  steam  and  gas  engines  driving  alternators,  it  is  a 
question  of  great  importance  to  carefully  consider  the  curve  of 
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Diagram  showing  series  connection  of  two  800  k.  w.  inductor  generators  on  the 
same  shaft.   (Two  phases  only  are  shown.) 

crank-eSort  and  to  make  the  crank-effort  as  constant  as  possible. 
This  can  be  done  by  adopting  two  or  more  cranks  properly  dis- 
placed towards  each  other,  and  by  carefully  taking  into  considera- 
tion the  momentum  of  the  reciprocating  parts  and  the  influence 
on  the  diagram  of  crank-effort.  If  all  these  points  are  duly  ob* 
served,  no  difficulty  in  operating  alternators  in  parallel  will  be 
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foniid,  if  driven  by  any  of  the  prime  movers  mentioned  nnder 
beads  (1),  (2)  and  (3).  It  may  be  well,  however,  to  mention  one 
phenomenon  which  is  of  paramount  importance  in  operating 
alternators  in  parallel  driven  by  steam  or  gas  engines.  The  com- 
bination "alternator  and  fly-wheel"  forms  a  dynamical  system 
which  is,  in  its  behavior,  analagons  to  the  dynamical  system 
formed  by  a  spring  and  weight.  Snch  a  system  has  a  nataral 
period  of  vibration  if  once  thrown  into  oscillation.  Now  let  os 
imagine  that  the  impulses  from  the  prime  mover  will  be  so  timed 
that  their  period  is  equal  to  the  natural  period  of  oscillation  of  the 
svstem  '^  alternator  and  fly-wheel,"  and  you  will  readily  see  that 
tne  oscillations,  at  first  small,  will  be  tremendously  exaggerated 
by  the  impulses  from  the  prime  mover.  In  order  to  prevent  this 
case  of  "  resonance,"  to  which  Prof.  A.  Blondel  first  called  atten- 
tion in  1892,  it  is  incumbent  on  the  designer  of  the  generator  to 
determine  the  natural  period  of  oscillation  of  his  generator  and  to 
compare  this  with  the  ** forced  oscillation"  caused  by  the  im- 
pulses of  the  prime  mover.  These  two  periods  of  oscillation  must 
be  as  different  as  possible.     To  illustrate  : 

In  some  600  k.  w.  generators  that  I  designed  for  the  Bullock 
Electric  Company,  for  the  city  of  Nashville,  the  prime  mover 
runs  at  a  speed  of  120  r.  p.  m.  and  is  a  cross-compound  engine. 
The  frequency  of  the  engine  impulses  is  .therefore  8  cycles  per 
second,  while  I  computed  the  natural  frequency  of  the  dynamical 
system  ** generator  and  fly-wheel"  to  be  1.57  cycles  per  second. 
These  figures  show  that  there  is  no  danger  of  resonance  in  this 
case. 

The  question  of  momentum  in  synchronous  motors  and  rotary 
converters  has  been  much  discussed.  It  is  entirely  a  question  of 
compromise,  and  it  is  necessary,  so  to  speak,  to  strike  the  golden 
mean  between  two  opposing  principles.  A  certain  amount  of 
momentum  is  necessary  to  take  care  of  sudden  overloads,  short 
circuits,  etc.,  but  the  less  momentum  we  have,  the  more  respon- 
sive are  the  synchronous  motors  or  rotary  converters  to  the  varia- 
tion in  angular  velocity  of  the  generator  and,  therefore,  the  ex- 
change of  synchronizing  currents  is  diminished  in  proportion. 
"  Hunting  "  is  a  phenomenon  that  is  inherent  in  all  alternating 
current  apparatus.  Its  causes  have  been  discussed  at  length,  and 
its  prevention  or  diminution  must  be  found  in  obtaining  uniform 
angular  velocity  in  the  prime  mover,  and  in  avoiding  rapid  changes 
of  Toad  on  the  synchronous  motors  or  rotary  converters. 

Steam  engineers  have  worked  over  the  problem  of  obtaining 
uniform  angular  velocity  in  the  engines,  and  electrical  engineers 
have  used  storage  batteries  in  connection  with  rotary  converters 
in  order  to  avoid  sudden  changes  of  the  load.  But  there  are 
limits  in  both  cases  which  can  not  be  over-stepped,  and  therefore 
the  causes  of  hunting  can  never  be  entirely  avoided.  The  sym^ 
toins  of  hunting,  however,  can  be  greatly  diminished  by  using 
damping  coils  which,  though  they  involve  a  certain  loss  of  energy. 
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damp  out  of  existence  the  oecillatioQ  that  is  set  np  by  changes 
in  angular  velocity  of  the  prime  mover,  or  by  changes  of  the  load. 

^^ Hunting"  of  alternators  driven  by  steam  engines  is  often 
caused  by  the  '^fluttering"  of  the  governors.  In  this  case  the 
remedy  is  simple  and  consists  in  putting  an  effective  damping 
device,  as  a  dash-pot,  on  the  governor. 

I  observed  a  very  curious  case  in  the  early  days  of  large  engine- 
driven  alternators.  The  Oerlikon  Co.  had  built  four  800  k.  w. 
inductor  generators  running  at  107  r.  p.  m.  for  one  of  the  large 
Berlin  central  stations. '  Two  of  these  generators,  which  were  of 
the  double  inductor  type,  wound  for  3,000  volts  and  50  cycles^ 
were  driven  by  one  vertical  steam  engine.  The  generators  had 
a  very  small  synchronous  inductance ;  their  design  was  a  reaction 
against  the  generators  of  the  Lauffen  type,  of  high  synchronous 
inductance,  and  therefore  the  cross  currents  between  two  arma- 
tures, very  slightly  ofEset,  were  enormous.  The  two  generators, 
mounted  on  the  ends  of  the  same  shaft,  could  not  he  operated  in 
parallel.  Without  any  load,  the  apparent  energy  of  the  cross-cur- 
rents amounted  to  about  1,000  k.  v.  a.  at  normal  excitation.  The 
shaft  not  being  absolutely  rigid,  and  the  engines  being  cross-com- 
pound engines,  the  impulses  from  the  high  pressure  cylinder,  and 
those  from  the  low  pressure  cylinder,  were  not  in  synchronism, 
leading  to  tremendous  surging  and  oscillation,  so  that  at  times  a 
breaking  of  the  engine  shaft  seemed  imminent.  Beactance  coila 
were  tried,  but  witliout  any  success.  It  struck  me  that  it  must 
be  possible  to  connect  the  generators  in  series  instead  of  in  par- 
allel, and  in  order  to  obtain  again  3,000  volts,  I  had  only  one 
armature  of  each  generator  connected  in  series  with  the  corres 
ponding  armature  of  the  other  generator,  so  that  we  obtained  the 
arrangement  as  shown  by  the  sketch. 

This  remedy  was  perfect.  The  two  independently  driven  sets 
of  1,600  k.  w.  each  could  be  operated  in  parallel  without  any 
difficulty. 

[Communicated  afteb  Adjournment  by  Mr.  August  H.  Kbuesi.] 

We  are  indebted  to  Mr.  Keilholtz  for  the  results  of  an  actual 
measurement  of  velocity  variation,  but  it  is  regrettable  that 
he  does  not  feel  sure  of  the  value  he  gives.  Such  measurements 
are  inherently  difficult,  and  very  few  figures  have  so  far  been 
published.  I  know  of  some  recent  experiments  in  which  the 
varying  potential  of  a  small  direct  current  dynamo  driven  by 
the  engine  was  measured  by  an  oscillograph.  The  oscillograph 
seemed  well  suited  to  this  purpose,  but  the  fluctuation  in  poten- 
tial, due  to  the  finite  number  of  commutator  segments,  even  in 
the  case  of  a  smooth  core  machine,  was  found  to  be  of  even  greater 
magnitude  than  the  engine  variations,  so  that  the  latter  were 
completelv  obliterated. 

The  value  of  actual  measurements  of  velocity  variation  of  en- 
gines which  have  proved  bad  or  just   on    the    border    line   is 
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great,  first  as  a  check  on  our  methods  of  calculation,  which 
can  hardly  be  considered  certain  at  present,  and  second,  to 
ascertain  whether  or  not  the  degree  of  uniformity  in  speed  now 
demanded  is  not  excessively  rigorous  and  onr  fly-wheels  un- 
necessarily heav^.  There  is  probably  no  other  .  accurate  way 
to  compare  engmes  of  yarious  designs  or  engines  having  dijffer- 
ent  fly-wheel  capacities,  and  until  such  comparisons  have  been 
made  between  engines  which  give  poor  parallel  operation  and 
those  which  operate  well,  the  determination  of  fly-wheel  capacity 
will  remain  largely  a  matter  of  ^ness  work. 

It  seems  to  be  pretty  generally  agreed  that  the  governor 
should  be  made  responsible  for  parallel  operation,  and  that 
"the  tendency  to  hunting  seems  to  be  aggravated  by  the  use  of 
heavy  fly-wheels.''  Mr.  JSleilholtz's  figure  of  11  mm.  displace- 
ment on  the  periphery  of  the  wheel  is  equivalent  to  3.9^  of 
phase  for  a  25-cycle,  30-pole  alternator.  Since  the  engide  drives 
a  direct  current  railway  generator  this  amount  of  fly-wheel  is 
presumably  necessary  for  railway  service,  and  it  is  desirable 
that  no  more  should  be  necessary  for  an  alternator,  but  we  may 
be  quite  certain  that  the  engine  builder  would  have  used  much 
more.  European  engineers  have  practised  parallel  operation 
from  low  speed  engines  very  extensively  and  successfully,  and 
with  relatively  light  fly-wheels. 

We  may  arrive  roughly  at  the  sufficiency  of  fly-wheel  in  any 
case  by  flnding  the  energy  in  foot-pounds  stor^  in  the  wheel 
per  k.  w.  and  pole  of  the  alternator,  and  multiplying  by  the 
number  of  cranks,  making  90®  or  120°  angle,  since  for  a  given 
wheel  the  larger  the  number  of  cranks  the  less  the  speed  variation 
will  be. 

That  is,  the  flgure  of  sufficiency  =  c/  =       ^  ^  X  cranks 

*  "^  2  y  X  k.  w.  X  poles 

Analyzing  nine  recent  European  engines  in  this  way.  I  find  the 
average  figures  for  nine  low  speed  engines  to  be  200  ft.-lbs. 
per  k.  w.  and  pole,  the  smallest  being  100  and  the  largest 
250.  Four  large  low-speed  engines  of  one  make,  recently 
built  in  America,  give  an  average  of  500,  the  smallest  being 
485  and  the  largest  505.     Are  not  our  wheels  too  heavy  ? 

[Communicated  after  Adjournment  by  E.  W.  Mix,  of  Paris.] 

Oonsidei^able  attention  has  of  late  been  called  to  the  problem 
of  measuring  conveniently  the  variation  of  speed  during  one 
revolution  of  a  fly-wheel  or  revolving  field  of  an  alternating- 
current  dynamo.  The  apparatus  described  herewith  is  very  con- 
venient for  this  work.     The  principle  is  the  following : 

A  small  disk  having  considerable  inertia  is  driven  by  means  of 
a  flexible  coupling  at  a  practically  constant  speed  by  means  of 
the  fly-wheel  under  observation,  while  a  light  aluminium  disk  if 
driven  in  the  opposite  direction  at  a  speed  proportional  to  the 
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speed  of  the  fly-wheel  and  obliged  to  follow  all  the  Tariation  of 
speed  of  the  latter.  These  two  disks  are  mounted  side  bj  side, 
with  their  axes  in  the  same  line,  and  a  radial  slit  is  cut  in  each 
of  them  at  the  same  distance  from  the  center.  When  the  two 
disks  turn  at  exactly  the  same  speed  these  two  slits  pass  one  an- 
other at  the  same  point  in  space,  but  should  one  revolve  faster 
than  the  other  the  point  of  passing  of  these  slits  will  be  dis- 
placed in  one  sense  or  the  other,  depending  on  which  disk  is  re- 
volving the  faster. 

6v  placing  a  lamp  on  onesideof  the  disks  and  an  opaque  screen 
on  the  other  a  spot  of  light  will  be  projected  on  this  screen  and 
its  displacement  can  be  easily  observed. 

If  now  the  aluminium  disk  be  driven  with  an  angular  velocity, 
say  40  times  as  great  as  that  of  the  fly-wheel,  whose  variations  in 
speed  are  to  be  observed,  and  the  disk  with  high  inertia  be  driven 
by  means  of  a  flexible  coupling  from  the  same  fly-wheel,  the  rela- 
tion between  the  inertia  of  the  disk  and  the  flexibility  of  its  coup- 
ling being  such  that  the  former  will  revolve  at  practically  con- 
stant speed  and  proportion  to  the  mean  speed  of  the  fly-wheel, 
then  tne  spot  of  light  on  the  screen  will  move  back  and  forth 
through  an  angle  40  times  as  great  as  the  angular  variation  of 
speed  of  the  fly-wheel.  By  thus  multiplying  the  angular  varia- 
tions the  measurements  can  be  made  with  great  accuracy. 

The  figure  shown  herewith  is  made  from  a  scale  drawing  of 
the  apparatus  as  actually  constructed. 


Apparatus  for  Measuring  Speed  Variations. 

In  this  figure,  v  represents  a  section  of  the  rim  of  the  fly- 
wheel whose  variations  of  speed  are  to  be  measured.  The  small 
disk,  or  wheel  a,   made  with    as  little   inertia  as  possible,   is 
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provided  with  a  rubber  tire  so  ae  to  be  driven  by  friction 
agaiDBt  the  rim  of  the  fly-wheel.  Thig  wheel  is  mounted  on 
one  end  of  a  shaft  b,  carrying  at  the  other  end  a  conical 
pinion  c,  which  drives  two  other  conical  pinions  d  and  b,  having 
an  equal  number  of  teeth. 

The  pinion  e  is  mounted  on  one  end  of  a  hollow  shaft  f, 
which  carries  at  the  other  end  the  light  aluminium  disk  o. 

The  pinion  d  is  mounted  on  one  end  of  the  hollow  shaft 
H,  passing  inside  the  shaft  f  and  carrying  at  the  other  end  a 
collar  provided  with  a  lug  i. 

The  disk  k,  provided  with  a  heavy  rim,  so  as  to  give  it 
considerable  inertia,  is  mounted  on  one  end  of  the  hollow  shaft 
J,  the  latter  being  mounted  in  line  with  the  shaft  f.  The 
other  end  of  j  is  provided  with  a  collar  l,  which  can  be 
fixed  on  the  shaft,  by  means  of  a  screw,  in  any  angular  posi- 
.  tiop. 

A  small  steel  wire  passes  through  the  two  hollow  shafts  h 
and  J,  one  end  being  fastened  by  a  screw  in  h,  the  other 
being  held  in  the  collar  l.  By  twisting  more  or  less  this 
steel  wire  by  means  of  the  collar  l,  the  necessary  turning  mo- 
ment for  driving  the  disk  k  can  be  obtained. 

Inside  the  cavity  in  the  hub  of  the  disk  k  is  a  little  log 
M  which  can  come  in  contact  with  the  lug  i  fixed  to  the  end 
of  the  shaft  h.  By  means  of  these  two  lugs  the  disk  k  can  be 
brought  up  to  speed  without  undue  strain  on  the  steel  wire 
which  normally  drives  it. 

The  slits  in  the  two  disks  are  shown  in  line  with  the  points 
N  and  o,  N  representing  a  lamp  and  o  the  eye  of  the  observer, 
p  is  a  ground-glass  circular  scale  divided  into  degrees  of 
a  circle  on  which  the  angular  displacements  of  the  spot  of  light 
produced  by  the  passage  of  the  slits  in  the  two  disks,  one  before 
the  other,  can  be  observed. 

In  case  the  rim  of  the  fly-wheel  under  observation  does  not 
turn  perfectly  round  it  is  necessary  to  make  a  flexible  exten- 
sion to  the  shaft  b,  on  which  the  driving  disk  a  is  mounted 
so  that  this  disk  can  follow  the  rim  without  being  obliged  to 
compress  too  much  the  rubber  tire,  as  in  the  latter  case  the 
resultant  circumference  of  the  disk  a  would  vary  at  different 
angular  positions  of  the  fly-wheel,  and  so  produce  errors  of  obser- 
vation of  the  same  order  as  the  angular  variation  of  speed  to  be 
measured. 

Should  it  be  desired  to  register  the  variation  of  speed  this 
can  be  done  by  slightly  separating  the  two  disks  g  and  k, 
and  introducing  between  them  a  satellite  pinion  driven  by  two 
conical  pinions,  one  mounted  on  each  of  the  disks.  An  index 
carried  by  the  axis  of  this  satellite  pinion  can  be  made  to  de- 
scribe a  curve  on  a  piece  of  paper  driven  before  it  at  a  uniform 
speed,  as  is  done  in  a  recording  ampere-meter. 
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New  Yokk,  November  22,  1901.     ^ 
The  158th  Meeting  of  the  Institute  was  called  to  order  at 

12  W.  3l8t.  St.,  New  York  City,  with  President  Steinmetz  in 

the  chair. 

The  Shcbetary  : — At  the  meeting  of  the  Board  of  Directors 

this  afternoon  the  following  associates  were  elected : 


Name 


Address 


Endorsed  by 


Cravath,  James  Raley,  Western  Editor,   Electrical  World    W,  D.  Weaver, 
and  Engineer,  i  j  3g  Monadnock    Ceil  P.  Poole. 
Block.  Chicago.  111.  H.  W.  Blake. 


Crossman,  Gilbert,  Telephone      Engineer,     Western 

Electric  Co.  463  West  St.,  resi- 
dence 80  Washington  Square  E. 
New  York  City. 

DusBNBBRRB,  GsoRGR  Brown,  Assistant  to  Fourth  Vice- 
President.  Westinghouse  Elec- 
tric &  Mfg.  Co.,  Pittsburg;  resi- 
dence, Englewood  Park,  Pa. 

Eastman,  George  Nial,  In  charge  of  Testing  Laboratory, 
Chicago  Edison  Co.,  139  Adams 
St.,  Chicago,  111. 

Freudenberger,  William  Kaiser,  Chief  Electrican,  The 
Colorado  Fuel  &  Iron  Co.,  resi- 
dence, 209  E .  Evans,  Pueblo,  Col. 

Hamilton,  Ralph  Brrgbn.  Manager,  The  Packard  Electric 
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The  President: — Gentlemen,. the  topic  for  to-night's  consid- 
eration is  "  Systems  of  Electric  Light  and  Power  Distribution." 
The  problem  of  electric  light  and  power  distribution  essentially 
consists  in  supplying  from  one  primary  generating  station  elec- 
tric power  to  a  number  of  customers  in  a  form  suitable  for  their 
demands.  In  its  theoretical  and  simplest  form  a  system  of  elec- 
trical distribution  consists  of  the  generating  station  and  a  system 
of  distribution  conductors,  and  in  addition  thereto  controlling 
apparatus  in  the  generating  station  and  metering  appliances  at 
the  customers'  premises.  Such  stations  and  distri  oution  systems 
of  the  theoretically  simplest  form,  but  still  of  very  large  mag- 
nitude, utilizing  continuous  current,  are  even  in  our  day  in  suc- 
cessful commercial  operation. 

Since,  however,  according  to  the  different  applications,  the 
electric  entrffy  is  required  in  different  forms,  as  for  incandescent 
lighting,  arc  lighting  and  electric  railways,  etc.,  it  becomes  neces- 
sary either  to  install  a  number  of  separate  and  distinct  distribu- 
tion systems  for  the  different  forms  of  electric  power,  or  to  in- 
troduce into  the  system  tranforming  apparatus.  By  the  intro- 
duction of  transforming  apparatus  the  system  of  generation 
becomes  more  or  less  independent  of  the  system  of  utilization, 
and  hereby  then  the  problem  is  created  for  the  electrical  engi- 
neers to  decide  which  system  of  electrical  distribution  is  the 
most  suitable  in  each  individual  case.  The  conditions  under- 
lying the  decision  of  the  problem  are,  on  the  one  hand,  the  relia- 
bility, efficiency  and  safety  of  the  system  as  regards  genera- 
tion, transmission  and  distribution,  and  on  the  other  hand,  the 
utilization  of  as  large  a  part  of  the  total  power  as  possible  in  the 
form  generated,  or  with  only  few  transformations  or  conver- 
sions. 

Still  more  complicated  the  problem  becomes  in  some  instances 
by  the  introduction  of  extraneous  conditions  depending  on  cir- 
cumstances not  directly  connected  with  the  distribution,  as  for 
instance,  where  the  power  is  received  from  a  long  distance  over 
transmission  lines,  and  by  the  limitations  incident  to  long  dis- 
tance transmission,  certain  restrictions  are  imposed  upon  the  gen- 
eration and  transmission  of  power.  Hence  to  utilize  as  large  an 
amount  of  power  as  possible  without  too  many  conversions  or 
transformations,  it  becomes  desirable  to  use  the  electric  energy 
in  a  form  which  may  not  be  as  suitable  or  desirable  as  if  the 
power  were  generated  on  the  premises.  It  can  be  seen  that — bv 
giving  here  tne  one  or  the  other  feature  a  slightly  greater  promi- 
nence by  either  compromising  between  heterogenous  conditions, 
or  by  following  one  extreme  without  transformation  and  trans- 
forming the  electric  power  for  the  other  extreme — very  different 
solutions  can  be  reached  of  the  same  problem  with  almost  the 
same  satisfaction.  Therefore  it  may  not  be  astonishing  that 
different  engineers  of  equal  prominence  may  reach,  under  in- 
dividual conditions,  exactly   opposite   points  of  view,  although 
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naturally  in  a  considerable  number  of  features  yon  will  find  a 
general  agreement  of  opinion  existing. 

Since  we  have  quite  a  considerable  list  of  papers  for  discussion 
to-night,  and  the  promise  of  a  number  of  prominent  speakers,  it 
will  be  absolutely  essential  to  restrict  the  time  devoted  to  each 
paper  to  a  maximum  of  ten  minutes,  and  therefore  not  to  read 
the  paper  in  «c^^n*o,  but  in  abstract. 

I  call  upon  Dr.  Kennel! y  to  make  an  announcement. 

Dr.  Arthur  E.  Kennelly  : — Mr.  Chairman  and  gentlemen  : 
A  circular  letter  has  been  issuefd,  signed  by  Mr.  Goddard,  as  the 
Secretaiy  of  the  New  England  Insurance  Exchange,  in  which 
certain  additions  are  suggested  to  Bule  No.  89  in  the  existing 
National  Code,  for  constant  potential  circuits  of  over  3,500  volts 
potential.  The  suggested  changes  are:  First,  that  such  circuits — 
that  is  to  say,  extra  high  pressure  circuits — should  not  be  allowed 
overhead  within  75  feet  of  any  building,  with  a  certain  reservar 
tion  for  special  cases ;  and,  second,  that  they  should  not  be 
allowed  on  the  same  poles  with  other  wires,  nor  on  the  same  side 
of  the  street  or  of  the  road  with  pole  lines  carrying  other  wires. 

A  copy  of  this  letter  having  been  sent  to  the  Institute,  a  com- 
mittee Las  been  appointed  by  the  President,  consisting  of  Mr. 
Hammer,  Mr.  Sinclair  and  myself,  to  meet  the  members  of 
Mr.  Goddard's  committee  at  their  meeting  on  the  3rd  of  Decem- 
ber next,  and  it  is  the  wish  of  the  Board  of  Directors,  as  ex- 
pressed at  their  meeting  to-day,  that  all  members  of  the  Insti- 
tute interested  in  this  i*ule,  or  in  any  other  rules  of  the  National 
Code  which  may  call  for  modification,  should  communicate  with 
the  Secretary  of  the  Institute,  and  express  their  views  upon  the 
subject  in  writing,  with  a  view  to  the  general  consideration  of 
the  matter  on  the  part  of  the  Instptute.  It  seems  unlikely  that 
such  general  consideration  can  be  effected  by  the  3rd  of  Decem- 
ber next,  and  it  may  be  necessary  to  request  the  committee  of  the 
Board  of  Insurance  Underwriters  to  extend  the  time  for  taking 
action,  if  such  extension  be  possible ;  but  1  am  asked  to  extend, 
on  behalf  of  the  President  and  the  Board  of  Directors,  the  re- 
miest  that  all  members  interested  in  this  proposed  new  rule  of  the 
National  Code  should  communicate  with  the  comnaittee  through 
the  Secretary  of  the  Institute. 
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AND  THE  OPERATION  OF  SINGLEPHASE 

CIRCUITS  BY  IT. 


BY  W.  L.  E.   BMMET. 


Since  the  single-phase  alternating  distribation  preceded  the 
use  of  polyphase  currents  there  has  naturally  been  a  tendency 
to  continue  its  use,  and  a  full  appreciation  of  the  advantages  of 
polyphase  currents  has  not  been  acquired  by  many  of  the  prac- 
tical men  who  handle  distribution  problems.  The  first  uses  of 
polyphase  currents  were  for  power  alone,  the  old  single-phase 
lighting  systems  being  unchanged.  As  time  has  gone,  however, 
the  use  of  single-phase  apparatus  has  steadily  diminished,  and  the 
production  of  polyphase  apparatus  has  increased  ;  and  although 
there  is  still  some  demand  for  single-phase  generators,  an  investi- 
gation will  show  that  the  best  informed  electrical  engineers  have 
now  discarded  them  altogether. 

An  extensive  experience  with  a  single-phase,  two-phase,  three- 
phase  and  other  apparatus  has  led  me  to  believe  that  for  almost 
all  purposes  of  lighting  and  power  distribution  the  three-phase 
winding  is  the  most  desirable  for  central  station  generators,  and 
that  two-phase  and  single-phase  windings  have,  in  the  great 
majority  of  cases,  no  good  reason  for  existence. 

It  is  not  necessary  to  enumerate  all  the  advantages  of  the 
three-phase  system,  but  it  may  bo  said  that  among  the  reasons 
for  its  universal  adoption  are  that  the  three-phase  generator  is 
better  than  the  two-phase  generator  for  single-phase  operation, 
where  single-phase  operation  is  required,  and,  further,  that  the 
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three- phase  geDsrator  when  used  as  a  single- phaser,  ig  practically 
ae  good  and  as  cheap  as  it  would  be  if  it  had  been  designed  par- 
ticularly for  single-phase  uses.  Thus  it  can  meet  the  two-phaser 
or  the  single-phase  on  equal  terms  on  their  own  field  and  at  the 
same  time  can  afford  its  own  special  advantages. 

When  a  three-phase  generator  is  to  be  operated  on  a  single- 
phase  circuit  it  is  generally  desirable  to  use  a  "Y  "  connected 
winding,  although  with  certain  types  of  windings  the  delta 
connection  will  give  equally  good  results  With  such  a  winding 
the  three-phase  machine,  as  ordinarily  designed,  will  carry  from 
75  per  cent,  to  85  per  cent,  of  its  rated  load  in  single-phase  cur- 
rent between  two  conductors  with  the  same  heating  which  would 
be  produced  by  operation  at  its  rated  capacity  with  balanced 
three-phase  current.  If  motors  or  rotary  converters  are  connected 
to  a  three-phase  generator  which  is  operating  with  single-phase 
load,  these  motors  or  converters  will  tend  to  equalize  the  load 
between  phases  and  thus  may  increase  the  capacity  of  the  system. 
When  a  three-phaser  is  partly  loaded  with  single-phase  currents 
between  two  of  its  wires  the  unused  phases  may  naturally  be 
loaded  with  other  single-phase  currents,  thus  giving  various  de- 
grees  of  unbalancing  between  the  thi*ee  phases  and,  with  normal 
heating,  will  vary  from  75  per  cent,  to  100  per  cent,  of  the  total 
three-phase  capacity. 

The  statement  that  the  three-phaser  will  carry  75  per  cent,  of 
its  rated  load  in  single-phase  current  frequently  leads  the  cus- 
tomer to  ask :  "  Why  should  I  buy  such  a  machine  to  deliver 
single-phase  current  when  I  can  get  a  single-phaser  which  will 
deliver  its  full-rated  capacity  with  normal  heating  ?"  The  answer 
to  this  question  is  that  the  three-phaser  designed  for  a  given 
single-phase  output  has  about  the  same  size  and  cost  as  the  ma- 
chine designed  for  snigle-phase  alone,  the  apparent  inconsistency 
lying  in  the  fact  that  a  three-phaser  for  a  given  output  is  cheaper 
and  smaller  than  a  single-phaser. 

While  purchasers  of  three-phase  generators  have  frequently 
made  special  demand  for  large  single-phase  capacity,  there  are 
in  point  of  fact,  very  few  cases  where  it  is  necessary  or  desirable 
to  operate  three-phase  machines  exclusively  on  single-phase  load. 
Companies  that  operate  single-phase  circuits  can  almost  invaria- 
bly divide  their  circuits  roughly  into  groups,  putting  some  of 
them  on  one  phase  and  some  on  the  others.  The  only  portion 
of  a  lighting  company's  load,  which  cannot  be  advantageously 
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divided  between  the  phases  is  the  low  tensioD,  interconnected 
distributing  system,  if  such  a  system  is  used.  Even  where  such 
systems  are  used  they  never  include  the  whole  lighting  distribu- 
tion of  the  company,  and  there  will  always  be  Outlying  circuits 
which  can  be  operated  from  other  phases.  There  are  also,  in 
most  eases,  transformers  for  arc  lighting  and  other  kinds  of  single- 
phase  load  which  can  be  put  upon  the  least  used  phases,  and 
which  will  thus  tend  to  help  out  the  balance  of  the  system. 
Many  purchasers  think  that  it  is  necessary  to  buy  a  single-phase 
generator  because  they  use  single-phase  circuits,  whereas  the 
approximate  division  of  these  circuits  between  the  phases  would 
involve  no  diflSculty  whatever. 

Since  the  normal  single-phase  capacity  of  a  three-phaser  is 
about  80  per  cent.,  since  all  motors  and  rotary  converters  tend 
to  equalize  the  balance,  and  since  there  is  always  scattering 
single-phase  load  which  can  be  conveniently  put  upon  the  lightly 
loaded  phases,  we  may  practically  consider  that  the  three-phase 
generator  can  be  used  at  its  rated  capacity  on  any  system. 

If  the  three-phase  generator  is  operated  with  single-phase  load, 
or  with  seriously  unbalanced  load  there  will  generally  be  a 
marked  potential  difference  between  its  phases.  The  phase  carry- 
ing load  will  show  the  drop  in  potential  which  such  load  would 
ordinarily  occasion  on  a  similar  single-phase  machine;  one  of  the 
disused  phases  will  generally  show  a  higher  voltage  and  the  other 
a  lower  voltage.  With  machines  of  good  inherent  regulation, 
such  as  are  now  generally  used  for  lighting  purposes,  these  dif- 
ferences are  small  and  can  readily  be  taken  care  of  by  regulators 
in  feeder  circuits.  Where  three-phase  generators  are  operated 
on  single-phase,  three-wire  distributing  systems,  the  general  prac- 
tice is  to  regulate  the  generator  to  give  the  desired  voltage  on  the 
three-wire  system,  and  to  control  by  regulators  the  voltage  of  cir- 
cuits connected  to  the  other  phases.  The  variations  of  voltage 
on  these  other  phases  may,  in  some  cases,  be  actually  a  conven- 
ience, since  between  the  three  phases  a  voltage  can  often  bo 
selected  which  will  nearly  suit   the  requirements  of  any  feeder. 

Two  systems  of  low  tension  distribution  for  lighting  are  used 
and  recommended  in  connection  with  three-phase  generators,  viz.: 
the  single-phase,  three- wire  system,  and  the  three-phase,  four- wire 
system.  When  the  single-phase,  three-wire  system  is  used,  the 
generator  is  generally  somewhat  unbalanced  by  the  large  demand 
for  single-phase  current  which  the  three-phase  wire  system  creates. 
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and  the  voltage  is  regulated  with  reference  to  the  needs  of 
the  three-wire  system.  The  primary  circuits  are  so  arranged 
as  to  deliver  power  through  transformers  to  low  tension  network. 
The  transformer  secondaries  are  provided  with  three  leads,  one  for 
the  neutral  and  one  for  each  of  the  outside  wires.  Since  the  drop 
in  high  tension  lines  is  small,  and  since  transformers  can  be  put 
wherever  they  are  needed,  it  is  easy  to  arrange  an  alternating 
three-wire  system  in  such  a  manner  that  it  will  give  very  per- 
fect voltage  distribution  in  all  part€  of  the  area  which  it  supplies. 
In  direct  current,  three-wire  systems,  we  naturally  have  to  deal 
with  large  and  variable  feeder  losses,  which,  in  spite  of  the  most 
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Fig.  1.— Four-wire  three-phase  low  tension  system. 

careful  arrangements,  must  seriously  interfere  with  the  mainten- 
ance of  good  regulation.  In  alternating  three- wire  systems  the 
i^gnlation  should,  with  intelligent  handling,  be  practically  perfect. 
The  other  method  which  is  available  for  low  tension  distribu- 
tiun  with  three-phase  dynamos  is  the  four-wire,  three-phase  sys- 
tem. This  system  is  supplied  from  groups  of  transformers,  with 
three  in  each,  their  secondaries  being  connected  in  "  Y  "  from  a 
neutral.  The  secondary  voltage  of  each  transformer  is  that  suit- 
able for  the  lamps  which  it  is  desirable  to  use.  In  action,  this 
arrangement  is  equivalent  to  the  ordinary  three- wire  system, 
except  that  it  has  three  branches  and  a  neutral  instead  of  two 
branches  and  a  neutral.  The  copper  economy  is  practically  the 
same  in  both,  the  advantage  being  slightly  in  favor  of  the  four- 
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wire,  three-phase  system,  since  the  neutral  need  not  be  quite  so 
large.  This  system  also  has  the  advantage  that  its  outside  wires 
are  available  for  operating  motors.  Another  advantage  is  that  it 
affords  a  balanced  load  to  the  three-phase  generators,  if  the  four- 
wire  system  is  kept  in  balance. 

The  arrangement  of  these  methods  of  secondary  distribution  is 
illustrated  by  Figs.  1,  2  and  3.     From  these  diagrams  it  will  be 
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Fio.  2. — Three-phase  generator  with  single-phase  three-wire  low  tension  system. 

seen  that  it  is  necessary  to  use  four  wires  with  either,  if  motors 
are  to  be  operated.  Where  the  single-phase,  three- wire  system  is 
used,  it  is  necessary  to  run  a  separate  power  wire  which  can  be 
energized  from  a  transformer,  and  which,  with  the  outside  wires 
of  the  three-wire  system,  affords  three-phase  currents  for  operat- 
ing motors. 

The  four- wire,  three-phase  system  cannot  be  advantageously  used 
in  all  cases.  Where  it  can  be  consistently  used  on  a  large  scale 
it  is  probably  the  most  desirable  method  of  secondary  distribu- 
tion. It  should  not  be  used,  however,  where  the  conditions  are 
such  that  the  three-phase  system  must  be  seriously  unbalanced 
by  arc  light  transformers  or  other  unavoidably  unbalanced  load. 
Generally  it  is  not  desirable  unless  its  arrangement  is  complete 
and  the  whole  plant  is  arranged  and  operated  with  reference  to 
its  use.    In  the  rearrangement  of  existing  plants  it  will  gener- 
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ally    be   expedient   to  use  the  single  phase^  three-wire   system^ 
operated  from  three-phase  generators,  as  described  above. 

In  distributing  electricity  over  considerable  areas  it  is  desira- 
ble to  keep  in  view  certain  general  principles  in  order  that 
proper  voltage  distribution  may  be  obtained.  Some  of  the 
variations  which  affect  voltage  regulation  are  controllable  from 
the  station,   while   others  are  beyond  such  control,  and  conse* 
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Fig-  3  — High  tension  four-wire  three-phase  system. 

quently  can  be  only  partly  equalized  by  the  maintenance  of  a 
desirable  average  condition  at  the  main  station ;  even  where  con- 
trolling apparatus  is  provided  in  the  main  station  the  regulation 
may  be  imperfect  unless  considerable  expense  is  incurred  for 
labor  necessary  to  the  intelligent  handling  of  such  controlling 
mechanism.  The  following  simple  rules  should  always  be  kept 
in  view  when  distribution  systcns  are  being  arranged  : 

1st.  Reduce  the  number  of  circuits  to  be  regulated  to  a  mini- 
mum. 2d.  So  arrange  the  system  that  variations  not  controllable 
from  the  main  station  are  made  as  small  as  possible.  3d.  Reduce 
the  amount  of  total  drop  on  all  circuits  so  that  frequent  changea 
will  not  be  necessary.  4th.  Interconnect  the  load  in  large  groups 
so  that  any  variable  load  unit  will  be  small  in  comparison  to  the 
whole  of  which  it  forms  a  part. 
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The  proper  application  of  these  rules  will  generally  lead  to  an 
arrangement  where  the  number  of  feeders  is  small,  each  feeder 
carrying  the  maximum  amount  of  power  which  it  is  desirable  to 
transmit  over  a  single  line.  Each  feeder  will  supply  a  compact 
primary  network,  or  a  set  of  short  primary  branches,  the  loss 
beyond  the  feeder  end  being  small  so  that  a  good  voltage  regula- 
tion at  the  feeder  end  will  ensure  good  service  to  all  the  cus- 
tomers connected  to  that  feeder.  To  get  such  a  result  the  load 
mast,  of  course,  be  connected  near  the  feeder  end  instead  of 
being  scattered  throughout  its  length. 

A  method  of  primary  distribution  has  been  used  and  advo- 
cated to  a  considerable  extent  which  frequently  lends  itself  very 
well  to  the  accomplishment  of  the  results  above  mentioned.  This 
system  is  illustrated  by  the  accompanying  diagram  The  '*Y"  con- 
nected generator  is  used  with  windings  arranged  to  give  about 
2,300  volts  between  the  neutral  point  and  each  outside  wire. 
Such  a  generator  may  be  loaded  as  if  it  were  three  separate  single- 
phase  machines,  the  neutral  being  used  as  a  common  return  for 
all  the  circuits.  The  standard  2,300-volt  transformers  are 
adapted  to  use  between  the  neutral  and  any  of  the  outside  con- 
ductors.- The  usual  method  of  applying  this  system  is  to  run  out 
long  four-wire  feeders.  At  the  end  of  each  four-wire  feeder 
there  may  be  a  loop  or  a  branching  of  the  four-wire  system  so 
that  it  is  brought  near  to  all  parts  of  the  area  to  be  supplied. 
The  transformers  for  lighting  purposes  are  connected  to  short 
two-wire  branches  which  connect  to  the  four-wire  feeder  at 
or  near  its  end,  the  arrangement  of  these  branches  being  such  as 
to  give  an  approximately  balanced  load  on  the  four-wire  system. 
If  the  load  is  balanced  thore  will  be  no  current  in  the  neutral. 
Even  if  the  unbalancing  is  considerable  the  drop  in  the  neutral 
will  be  so  small  that  it  will  only  slightly  affect  the  voltage  con- 
ditions. Kegulators  can  be  used  in  the  main  stations  in  each  of 
the  neutral  conductor,  and  these  in  combination  with  compen- 
sated voltmeters  can  maintain  the  desired  potential  at  the  feeder 
end  between  each  of  the  outside  conductors  and  the  neutral. 
The  outside  conductors  should  preferably  be  grounded  in  the 
main  station  so  that  the  maximum  voltage  to  ground  on  any  of 
the  transformers  will  be  2,300  volts. 

With  a  rough  approximation  to  balance  we  virtually  have,  by 
this  system  three-phase  transmission  at  4,000  volts,  the  voltage 
between  the  outside  wires  being  about  4,000  when  we  have  2,300 
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volts  between  each  wire  and  the  neutral.  The  system  thus 
affords  means  bj  which  we  can  economicallj  distribute  over  large 
areas  without  the  use  of  step-up  transformers. 

When  this  system  is  used,  it  may  often  be  desirable  to  operate 
lines  in  the  immediate  vicinity  of  the  power  station  from  single- 
phase  branches,  instead  of  running  out  the  four-wire  feeders. 
The  neutral  should  simply  be  used  as  a  common  return  where 
convenient,  and  the  long  lines  should  be  so  arranged  that  the 
common  return  will  be  as  effective  as  possible.  Wherever  motors 
are  used  it  is,  of  course,  necessary  to  get  access  to  all  three  of  the 
outside  conductors. 

The  great  improvements  which  have  recently  been  made  in 
automatically  regulated  three-phase  generators  have  made  it  econ- 
omical and  desirable  to  use  such  machines  in  many  cases  where 
direct-current  apparatus  would  heretofore  have  been  adopted. 
The  alternator  is  simpler,  more  efficient  and  less  liable  to  trouble 
than  the  direct-current  machine,  and  it  is  often  desirable  to  use  it 
even  where  long  distance  transmission  is  not  required.  There 
are  also  many  cases  where  the  principal  loads  are  found  in  the 
immediate  vicinity  of  the  installation,  but  where  there  are  certain 
long  branch  lines  which  it  is  desirable  to  operate  at  high  voltage. 
If  low  tension  alternating  current  generators  are  used  such  trans- 
mission lines  can  always  be  taken  care  of  by  step-up  transformers. 
The  system  recommended  for  such  low  voltage  alternating  dis- 
tribution is  the  four-wire  three-phase  system  operated  from  a 
low  voltage  "  Y  "  connected  alternator.  The  winding  of  the  alter- 
nator is  such  that  the  voltage  of  lamps  is  provided  between  its 
neutral  and  its  outside  wires.  A  four-wire  network  is  supplied 
from  the  machines  through  suitable  feeders,  the  lights  being 
operated  in  approximate  balance  between  the  outside  wires  and 
the  neutral,  and  standard  motors  being  connected  to  the  outside 
wires  where  desired.  If  the  standard  220- volt  motors  are  used 
the  desirable  lamp  voltage  will  be  about  125  and  with  440-volt 
standard  motors  250-volt  lamps  will  generally  be  suitable.  The 
system  of  distribution  with  the  higher  voltage  can  be  extended 
over  considerable  areas  with  small  expense  for  copper,  and  is  very 
desirable  for  mill  lighting  and  many  other  purposes. 

Such  low  voltage  alternating  work  is  desirable  for  railroad 
yards,  summer  hotel  properties,  colleges,  private  estates  and  other 
similar  installations. 
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DI8TKIBUTI0N  OF   ELECTRICAL  ENERGY  IN 
LARGE  CITIES. 

BY  liOUIS  A.  FBBQUSON. 

With  the  trend  of  modem  times  towards  consolidation  of 
lighting,  power  and  transportation  properties,  the  system  of 
distribution  of  electrical  energy,  in  large  cities  especially,  is 
daily  becoming  a  more  important  question,  involving  many 
perplexing  problems  and  consideratipns.  Were  one  given  the 
problem  of  determining  the  system  in  an  imaginary  city  fully 
developed  in  its  business  and  residential  portions,  its  growth 
matured  and  freed  from  the  pioneering  and  bad  engineering  of 
the  promotion  days  of  electricity,  the  question  would  be  a  com- 
paratively easy  one.  But  as  our  only  living  ex-president  has 
said,  it  is  a  condition  and  not  a  theory  which  confronts  uh. 

Nearly  every  city  has  granted  franchises  to  many  companies 
having  varying  degrees  of  financial  and  engineering  ability,  so 
that  those  who  are  ultimately  engaged  in  consolidating  the 
physical  properties  usually  find  it  advisable  to  adapt  their  en- 
gineering to  existing  conditions  abandoning  as  little  as  possible  of 
the  investment  made  by  those  which  they  have  absorbed.  Not 
only  must  be  considered  what  has.  been  done  in  the  past,  but  also 
the  possible  development  of  the  future,  so  that  the  remodelling 
shall  not  necessarily  be  that  which  might  appeal  most  strongly 
to  the  conditions  of  the  moment,  but  of  the  future  ;  for  our  in- 
vestments, let  us  hope,  are  made  not  only  for  the  present,  but 
for  the  future. 

The  developments  of  the  last  few  years  have  determined  con- 
clusively that  the  old  method  of  installing  a  multiplicity  of  steam 
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generatiDg  stations  scattered  thronghout  the  city  and  famishing 
electricity  for  lighting  and  power  in  the  surrounding  district  is  no 
longer  advisable.  We  find  the  more  progressive  companies  aban- 
doning their  smaller  plants  as  generating  stations,  converting  some 
into  sub-stations  and  centralizing  the  generation  of  electrical 
energy  in  one  or  two  large  power  stations  located  preferably  on 
a  water  front  and  having  direct  communication  with  two  or  more 
railroads  bringing  coal  from  different  sections  of  the  country. 

There  are  several  instances  in  Europe,  as  well  as  in  America, 
of  lighting  and  railway  companies  providing  for  their  future 
growth  by  the  erection  of  large  central  power-houses  of  from 
50,000  to  100,000  horse- power  ultimate  capacity.  In  some  casee 
these  new  power-houses  supplant  entirely  the  older  stations,  and  in 
others  the  older  stations  are  retained  intact,  and  are  used  during 
the  peak  hours  of  the  winter  months  as  auxiliary  generating 
stations.  This  latter  method  is  usually  the  more  economical, 
since  it  saves  a  large  additional  investment  which  would  have  to 
be  made  for  use  during  only  a  few  hours  daily  in  two  or  three 
winter  months.  Although  the  cost  of  generation  per  kilowatt 
hour  in  these  old  stations  will  be  very  high  as  compared  with 
that  of  the  new  station,  it  is  still  wise  to  use  them  as  auxiliaries 
to  the  main  station  or  sub-station  even  though  they  be  non-con- 
densing plants,  because  their  output  being  a  small  percentage 
of  the  total,  the  excess  cost  of  their  operating  will  be  less  than 
the  interest  and  depreciation  on  the  investment  required  in  new 
station  and  sub  station  equipment  and  transmission  lines  to  sup- 
plant them. 

The  choice  of  a  site  for  the  main  power-house  (water  and  coal 
facilities  being  equal  in  each  case)  will  depend  upon  the  com- 
bined cost  of  the  land  and  the  transmission  of  the  total  capacity 
to  the  sub-stations  with  the  advantage  in  favor  of  the  site  nearest 
to  the  point  of  greatest  delivered  output ;  that  is,  the  prefer- 
ence should  be  given  to  that  jsite  where  the  value  of  the  land 
forms  a  larger  proportion  of  the  total  than  does  the  cost  of  the 
transmission.  The  less  the  cost  of  the  transmission  the  less  its 
length,  and  therefore  the  less  cable  and  conduit  to  maintain. 
Since  the  territory  to  be  supplied  in  any  large  city  from  a  cen- 
tral power-house  for  general  distribution  of  electricity  for  all  pur- 
poses is  so  extensive,  the  adoption  of  a  high-pressure  alternating 
current  iff  necessary  for  transmission.  There  may  be  cases  in 
which  it  is  possible  to  obtain  a  site  sufficiently  large  for  a  prin- 
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cipal  station  near  enough  to  the  center  of  greatest  load  to  war- 
rant the  use  of  double  current  generators  if  direct  current  forms 
the  basis  for  lighting  and  power  disti-ibution,  and  the  energy 
supplied  for  railway  purposes  is  relatively  small.  In  any  new 
principal  station  the  generators  should  be  of  the  same  frequency 
even  if  it  is  advisable  owing  to  Ideal  conditions  that  one  or  more 
be  double  current  machines.     It  is  always  conducive  to  economy, 


Pig.  1. 

flexibility  of  operation  and  minimum  initial  investment  that  all 
the  generators  be  arranged  for  parallel  operation.  The  installa- 
tion of  both  60  and  25-cycle  generators  in  the  same  station  in  a 
large  city  should  be  avoided,  as  the  greatest  economy  is  only 
possible  in  a  station  generating  by  one  class  of  apparatus. 

The  determination  of  the  class  of  current  we  shall  generate 
depends  entirely  on  the  class  of  current  we  distribute.     Consid- 
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ering  the  qaestion  for  a  large  city  from  the  broadest  standpoint, 
and  jadging  by  experience  with  the  advantages  and  limitations 
of  both  forms  of  distribution,  I  wonld  recommend  direct  current 
for  the  lighting  and  power  work  of  the  strictly  business  and  city 
residential  districts,  and  alternating  current  for  the  less  closely 
built  residential  districts  with  their  local  business  incident 
thereto,  as  well  as  for  the  actual  suburban  territory  of  the  city. 

An  analysis  of  the  lighting  and  power  output,  (not  including 
railways)  of  Chicago  central  station  companies  where  this  method 
of  distribution  is  followed  may  be  interesting.  Referring  to 
Fig.  1,  it  will  be  seen  that  of  a  total  maxiaium  output  of  22,500 
K.  w.,  23.4  per  cent,  is  by  60-cycle  alternating  distribution  over 
a  territory  of  approximately  58  square  miles,  and  79.5  per  cent. 
is  by  direct  current  distribution  over  a  territory  of  only  ten  square 
miles. 

The  output  shown  in  Fig.  1  as  25-cycle  low  tension  distribu- 
tion is  largely  generated  at  present  by  direct  current  and  double 
current  machines,  as  the  principal  generating  station  is  only 
three-fifths  of  a  mile  from  the  largest  sub-station.  A  considera- 
ble portion  of  this  output  will  probably  continue  to  be  generated 
by  the  present  low  tension  direct  current  and  double  current 
machines,  even  after  a  large  25cycle  alternating  station  is  put  in 
operation  ;  but  this  curve  is  presented  to  show  what  portion  of 
the  entire  load  would  be  supplied  by  25-cycle  alternators  and 
rotary  converter  substations,  if  an  entirely  new  system  were 
being  constructed,  the  condition  toward  which  we  are  develop- 
ing. 

The  growth  of  the  business  of  the  company  (except  in  the 
Southern  District,  where  a  modern  60-cycle  station  operates)  is 
being  provided  for  by  2o-cycle  rotary  sub-stations  and  all  direct 
current  generating  apparatus  will  be  superseded  as  it  wears  oat 
or  becomes  obselete,  by  25cycle  rotary  sub-station  distribution  in 
one  low  tension  district.  As  the  outlying  residence  districts  be- 
come more  general  consumers  of  electricity,  they  are  changed 
over  to  low  tension  direct  current,  and  all  new  development  in 
the  Northern  and  Western  Districts  is  supplied  by  motor  gen- 
erator sets  receiving  15-cycle  current  from  the  main  generating 
station  and  delivering  HO-cycle  current  to  the  distribution  lines. 

Reference  to  Fig.  2  will  show  how  the  maximum  load  of  the 
low  tension  direct  current  distribution  was  provided  for  last  win- 
ter.    It  will  be  noticed  that  the  rotary  converter  output  formed 
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a  very  small  portion  of  the  total,  bat  in  this  winter's  maximum 
we  expect  to  turn  out  about  three  times  the  amount  of  rotary 
output,  while  the  direct  current  delivered  to  the  distribution 
mains  directly  from  the  continuous  current  generators  will  show 
only  a  slight  increase.  The  storage  battery  discharge  will  show 
about  100  per  cent,  increase.    The  growth  in  the  rotary  and  battery 


100000 

1 — 

LOAI 

.-  - 

4 

)    DIAGRAI 

TOT 

kL    LOV 

'    TENS  ON    SY 

ITEM 

eoooo 

ire       M 

ON.    OEO    I7~i»00 

-- 

vJ^^ 

MOOO 

o 

^ 

^:::A''. 

0   AT  «6 

J 

ll'^l 

MOOO 

_    _- 

ERAaC  ,  AMfCnk*      «••< 

? 

_. 

aoooo 

t 

' 

i  ® : 

)] 

7oax>       - 

;          1          .          . 

/ 

i\ 

70000 

eoooo 
soooo 

I     "^1 

I 

1 

i 

1 

i 

in 
u 

IS 

soooo*-^ — 

< 

;  / 

ri 

\ 

V 

a 

\ 

' '  r. 

jA 

40000 

.../-_., 

-  "'^  -V 

\ 

40000 

XODol— 

.:.  J. 

^1 

\ 

\ 

\ 

M^     / 

\  #^ 

\ 

--.                :,uw* 

iA 

^ 

^ 

v/' 

\ 

\ 

V 

k 

\ 

lOOOO 

\. 

i 

Jl 

/ 

\ 

lOOOO 

\ 

^ 

A    ' 

AAi^ 

J^AH^li 

^n^e. 

c 

UTPUT 

s^ 

'          ^ 

"""•^ 

^ 

2-i^^ 

/^          '^~"~ 

gl 

Z                I 

A 

A 

t 
.M. 

1 

0              12              I 

4 

e 
P.M. 

6                10               1 

2 

Pio.  2. 

outputs  and  the  practical  standstill  in  direct  current  generating 
output  gives  some  conception  of  how  we  are  working  towards  the 
idea  of  25-cycle  alternatini^  supply  from  one  large  station  to  a 
number  of  combination  rotary  and  battery  sub-stations.  To  effect 
a  change  of  this  kind  without  sacri  doing  the  value  and  use  of  our 
present  investment  in  direct  current  generating  stations  will  take 
several  years. 
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In  determining  what  shall  be  the  general  system  of  distribution, 
a  study  of  the  present  conditions  and  future  possibilities  of  elec- 
trical consumption  must  tirst  be  made,  and  the  system  chosen 
should  be  one  that  will  best  suit  these  conditions.  Fig.  3  shows 
the  relative  quantities  of  light  and  power  consumed  monthly  by 
the  customers  of  the  two  Chicago  companies.  These  curves  rep- 
resent only  the  actual  power  business  for  elevators  and  small  fac- 
tory use,  and  other  general  power  for  a  large  number  of  relatively 
small  consumers,  and  do  not  include  any  street  or  elevated  railway 
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Fig.  8. 

work  whatever.  It  should  be  remembered,  however,  that  any 
system  of  generating  or  supply  which  does  not  take  into  con- 
sideration this  factor  is  not  comprehensive  enough  to  provide  for 
the  future  conditions  of  our  American  cities,  which  will  un- 
doubtedly involve  the  supplying  of  electrical  energy  for  lighting, 
general  power  and  local  transportation  work  from  one  or  more 
large  generating  plants. 

With  the  percentage  of  power  as  high  as  30  per  cent,  (shown 
in  Fig.  3),  even  when  general  power  only  is  included,  the  great 
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importance  of  selecting  a  system  of  generation  and  distribution, 
which  is  well  adapted  for  power  as  well  as  lighting  supply,  will 
be  thoroughly  appreoiated.  It  is  also  important  to  note  that  the 
power  curve  shows  no  month  of  the  year  higher  than  another,  as 
the  light  does,  and  also  that  a  daily  power  curve  shows  practically 
a  straight  line  from  8  a.  m.  to  6  p.  m.  every  business  day  of  the 
year,  while  the  light  load  shows  a  sharp  peak  of  only  from  one  to 
two  hours'  width  every  winter  day.  The  importance  of  the  power 
business  leads  us  then  to  adopt  the  three-wire  direct  current  sys- 
tem for  distribution  in  the  businet^s  and  city  residential  sections 
shown  on  the  map  of  the  city  as  the  ''  Central  District."  The 
feasibility  of  applying  the  direct  current  motor  to  general  power 
work  is  much  superior  to  that  of  the  alternating  current  motor, 
and  the  distributing  effects  on  line  pressures  are  less.  The  initial 
cost  of  the  direct  current  motors  themselves  and  their  attendant 
equipment  is  very  much  less ;  in  fact,  at  the  present  time  the 
selling  prices  of  three-phase  motors  in  America  are  far  in  excess 
of  being  reasonable.  The  direct  current  is  also  very  much  better 
adapted  to  electric  elevator  work  than  is  alternating  current ;  at 
the  present  time  there  is  no  alternating  current  elevator  equip- 
ment which  could  be  considered  fitted  for  first-class  higli  duty 
service,  and  the  progress  in  development  of  an  economical  alter- 
nating current  elevator  for  any  service  is  slow.  The  importance 
of  the  electric  elevator  to  the  central  station  company  is  shown 
by  the  diagrammatical  representation  of  outputs.  There  it  will 
be  seen  that  the  consumption  of  electrical  energy  by  elevators 
alone  is  12^  per  cent,  of  the  total  output  of  the  coihpanies.  Our 
ability  to  install  an  economical  andsuc^'essfuUy  operating  elevator 
equipment  is  frequently  the  deciding  feature  in  the  question  in- 
volving the  choice  of  central  station  service  in  preference  to  the 
installation  of  a  private  plant,  and  with  its  aid  we  are  enabled  in 
a  large  .percentage  of  instances  to  show  to  the  owners  of  large 
mercantile  establishments  and  other  buildings  a  decided  saving 
by  purchasing  electrical  service  from  the  central  station  company 
for  lighting,  elevator  and  general  power  service  when  compared 
with  the  cost  of  operating  an  isolated  plant  using  hydraulic 
elevators. 

The  development  of  the  automobile  and  its  extended  use  in 
the  large  cities  has  rendered  necessary  the  installation  of  charging 
equipments  at  convenient  points  throughout  the  city.  With  direct 
current   the  problem   of   charging  is  simplicity  itself,  requiring 
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merely  an  outlet  in  one's  stable  or  in  the  sidewalk  or  a  charging 
post  on  the  street  corner.  Where  only  alternating  mains  are  found 
the  installation  of  a  charging  equipment  is  not  only  very  expen- 
sive in  its  first  cost,  requiring  transformers,  motor  generator  and 
suitable  housing,  but  also  expensive  to  operate,  requiring  a  com- 
petent attendant  to  start  and  stop  the  apparatus  ;  so  that  the  net 
revenue  to  the  central  station  company  will  at  best  be  small,  and 
often  times  the  results  of  the  operation  will  represent  an  actual 
loss. 

The  use  of  alternating  current  in  the  distribution  system  pro- 
hibits the  use  of  storage  batteries.  Even  assuming  that 
storage  batteries  do  not  improve  the  economy  of  operating,  still 
they  are  desirable  wherever  the  service  of  the  central  station 
company  is  important.  They  may  be  adapted  for  use  iip  var- 
ious ways ;  in  the  central  station  itself  when  it  is  located  at 
the  electrical  center ;  at  the  center  of  distribution  for  discharging 
during  the  peak  ;  as  auxiliaries  in  the  rotary  converter  sub-stations 
for  discharge  use  at  the  time  of  maximum  load  in  the  main  cen- 
tral station,  or  at  any  time  of  break  down  of  the  transmission  line 
feeding  the  sub-station.  They  may  also  be  used  in  sub-stations 
in  special  districts  where  the  load  factor  of  the  district  is  small, 
or  midway  between  rotary  sub-stations  for  purposes  of  regula- 
tion. 

The  greatest  value  of  the  storage  battery,  however,  is  its  ability 
to  carry  us  through  an  emergency  which  comes  as  a  rule  in  an 
electric  lighting  or  power  plant  with  Yevy  little  warning.  The 
fully  charged  battery  kept  constantly  floating  on  the  system 
becomes  the  watchdog  of  the  company's  service,  responding  to  a 
call  automatically,  keeping  the  pressure  chart  perfect  despite 
blown  out  cylinder  heads  in  the  central  station  or  failures  in  sub- 
station transmission  lines. 

The  storage  battery  has  a  very  distinct  value,  which  is  seldom 
recognized  and  employed  to  its  full  advantage,  when  located  at 
the  central  distributing  point  of  a  system  with  feeders  radiating 
to  various  points  in  tlie  network.  The  battery  may  be  provided 
with  two  or  more  end  cell  switches,  so  arranged  that  they  maybe 
connected  in  multiple  and  feed  into  the  main  distributing  bus,  or 
they  may  connect  to  one  or  more  auxiliary  bus  bars  with  a  differ- 
ent number  of  cells  in  series,  feeding  into  each  bus  and  thus  pro- 
viding two  or  more  potentials  at  the  center  of  distribution.  It 
will  be  found  that  when  only-one  pressure  is  maintained  at  the 
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center  of  distribution  during  the  time  of  maximum  load  of  a  large 
district  the  pressure  at  the  ends  of  the  short  feeders  will  be  some- 
what higher  than  the  standard  and  they  will  be  overloaded,  and 
at  the  end  of  the  long  feeders  the  pressure  will  be  lower  and  the 
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feeders  underloaded,  although  the  pressure  variation  at  other 
times  may  be  negligible.  Under  such  conditions  the  storage  bat- 
tery becomes  exceedingly  valuable,  for  by  arranging  it  to  operate 
at  two  or  more  potentials,  the  long  feeders  may  be  connected 


Digitized  by  VjOOQIC 


829  FBRGUBON  ON  [Not.  82 

daring  the  time  of  maximnm  load  to  the  aaxiliary  has  or  busses 
and  additional  current  forced  over  them,  utilizing  their  full 
capacity  and  maintaining  a  uniform  feeder  end  pressure  by 
means  of  an  investment  in  end  cells  very  slight  as  compared  with 
the  investment  in  additional  feeders  and  mains  to  accomplish  the 
same  result. 

Fig.  4  shows  three  curves,  representing  two  extremes  of  daily 
output,  one  being  the  Sunday"  curve  and  the  other  the  yearly 
maximum  curve,  and  also  a  third  curve,  representing  the  form  of 
the  company's  curve  for  about  two-thirds  of  the  year. 

The  rectangular  crosshatched  portion  shows  the  capacity  of  the 
batteries  at  the  one  hour  rate  of  discharge  and  might  be  placed 
anywhere  on  the  curve. 

The  upper  crosshatched  portion  shows  the  use  of  the  battery  in 
cutting  oflf  the  peak,  thus  saving  an  otherwise  necessary  invest- 
ment in  generating  plant. 

Occasions  have  arisen  where  through  the  bursting  of  a  boiler 
tube  the  storage  battery  has  saved  the  direct  current  system  from 
shut  down  by  carrying  the  entire  load  for  about  an  hour,  allowing 
time  for  cutting  out  the  disabled  boiler.  It  is  impossible  in  this 
curve  to  show  the  value  of  the  battery  in  maintaining  even 
pressure  throughout  the  system,  but  it  is  one  of  the  very  im- 
portant uses  of  the  battery. 

The  battery  capacity  of  the  (3liicago  Edison  company  is  dis- 
tributed over  the  entire  low  tension  district.  In  addition  to  the 
three  batteries  in  the  Adams  street  sub-station,  having  a  combined 
capacity  at  the  eight-hour  rate  of  66,000  ampere  hours,  there  are 
smaller  batteries  in  three  of  the  rotary  sub-stations  in  the  resi- 
dence districts. 

These  batteries  in  the  residence  districts,  of  course,  cannot 
economically  cut  off  a  residence  load  peak,  because  the  latter  is 
about  four  hours  wide,  but  by  discharging  at  the  time  of  the 
down-town  peak,  which  is  only  between  one  and  two  hours  in 
width,  they  are  able  to  cut  down  the  demand  for  three-phase 
current  at  the  generating  station.  In  this  way  they  are  as  valu- 
able on  peak  work  as  though  they  were  located  in  the  down-town 
district,  except  tfiat  they  do  not  save  any  investment  in  trans- 
mission line  or  sub-station  apparatus. 

Fig.  5  shows  clearly  the  value  of  the  storage  battery  in  a  motor 
generator  sub-station  operating  an  interurban  railway.  Its  main 
function   here   is   as   a  regulating  battery  used  to  take  up  the 
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fluctuatioDs  of  the  railway  and  keep  a  nearly  constant  load  on 
the  motor  generators. 

Having  determined  that  direct-current  distribution  is  the  most 
desirable  for  the  central  district  of  the  city,  and  having  shown 
that  of  the  total  maximum  output  of  the  lighting  companies  of 
the  city,  79.5  per  cent,  is  by  direct  current  even  when  the 
promising  sections  of  the  whole  city  are  well  covered  by  mains, 
it  then  becomes  natural  to  choose  a  system  of  generation  for  the 
principal  stations  that  is  best  adapted  to  the  direct  current  dis- 
tribution, ^s  it  represents  such  a  large  percentage  of  the  total 
output.     We,  tlierefore,  originally  adopted  in  Chicago  for  trans- 
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mitting  to  rotary  converter  sub-stations  25-cycle  three-phase 
alternating  current  generated  by  double  current  machines  at 
160  volts  alternating  arranged  for  stepping  up  to  4,500  and  9,000 
volts.  The  reason  for  employing  double-current  generators  in 
preference  to  three-phase  alternators  generating  the  line  voltage 
was  because  the  principal  station  of  the  company  was  only  three- 
fifths  of  a  mile  from  the  point  of  greatest  direct-current  output. 
The  double  current  machine,  therefore,  could  be  worked  at  best 
eflSciency  supplying  the  necessary  three-phase  current  for  the 
outlying  rotary  sub-stations,  the  balance  of  capacity  in  the  gen- 
erators being  used  to  feed  directly  into  the  low  tension  network 
thus  working  the  generators  at  all  times  at  full  load. 
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.  There  has  just  been  started  in  operation  in  this  station  the 
largest  double  current  machine  which  has  yet  been  built.  It  has 
a  nominal  capacity  of  2,500  k.  w.,  with  overload  limit  for  peak 
work  to  3,200  k.  w.,  generating  300  volts  direct  current  and  180 
volts  three-phase  alternating.  This  machine  is  to  run  in  parallel 
with  the  other  double-current  and  direct-current  machines  in  the 
station  as  well  as  in  parallel  with  a  new  3,600  k.  w.  three-phase 
alternator  being  erected  beside  it  to  generate  9,000  volts. 

As  we  have  reached  the  limit  of  available  space  in  our  princi- 
pal plants  for  the  central  district  it  is  probable  that  all 
additional  genei-ating  plants  will  be  by  25-cycle  three-phase 
alternators  generating  directly  9,000  volts,  the  transmission  line 
voltage. 

It  is  almost  universally  conceded  that  25-cycles  is  the  most 
desirable  frequency  for  transmission  and  conversion  by  rotary 
converters.  Sixty-cycle  rotaries  are  considerably  more  expen- 
sive and  much  less  satisfactory  in  their  operation  for  the  ordinary 
three  wire  network,  and  still  le39  satisfactory  for  500-volt  direct 
current  supply  for  surface  or  elevated  railway  service.  Also  for 
high  voltage  underground  transmission  the  lower  frequency  is 
preferable,  inasmuch  as  the  energy  loss  in  transmission  is  less 
and  its  resultant  strain  on  underground  cable  insulation,  when- 
ever there  is  a  slight  disturbance  on  the  system,  is  less  trouble- 
some. The  kilowatt  hour  efficiency  of  transmission  and  trans- 
formation between  three-phase  generators  and  rotary  direct-cur- 
rent output  for  the  entire  sub-station  system  equals  82.2  per  cent. 
The  portions  of  the  city  of  Chicago  in  which  60-cycle  alternating 
current  is  employed  in  the  distribution  system  are  shown  on  the 
map  as  Northern,  Western  and  Southern  districts.  These  terri- 
tories were,  when  acquired,  partially  covered  by  single-phase 
1,000-volt  125-cycle  circuits.     [See  Fig.  6.] 

For  all  these  districts  a  four  wire  three-phase  system  from 
"Y  "  wound  armatures  supplied  with  the  fourth  terminal  is  used, 
the  generator  delivering  a  maximum  of  4,150  volts,  with  2,400 
volts  between  the  neutral  point  and  any  one  of  the  outside  ter- 
minals. There  is  thus  available  a  voltage  best  suited  for  the 
single-phase  lines  in  the  immediate  locality  and  the  higher  volt- 
age for  four  wire  three-phase  transmission  to  centers  in  more 
distant  localities. 

In  the  Northern  District  there  have  been  installed  in  the  orig- 
inal generating  station  shown  on  the  map,  motor  generator  sets, 
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the  motor  sides  of  which  are  fed  by  25-cycle  three-phase  current 
at  9,000  volts  from  the  principal  generating  station  at  Harrison 
street,  the  generating  side  of  the  set  being  a  three  phase  "  Y  " 
wound  machine  delivering  4,150  volts  across  its  outsides,  and 
2,400  volts  between  the  neutral  and  any  outside  terminal.  It 
is  the  intention  of  the  company  to  ultimately  shut  down  the 
steam  generating  plant  in  this  district  and  supply  all  the  energy 
by  motor  generator  sets  similar  to  those  now  in  operation. 

Several  years  ago  an  extension  was  made  from  the  Northern 
District  power  station  to  Edgewater,  a  suburb  lying  four  miles 
north  of  this  station,  for  the  purpose  of  taking  over  the  business 
in  Edgewater,  which  was  then  supplied  by  a  three-wi re  direct 
current  local  plan.  The  conversion  was  accomplished  by  in- 
stalling in  the  small  generating  station  at  Edgewater  two  large 
transformers  with  three-wire  secondaries,  which  were  connected 
directly  to  the  bus  bars  of  the  station  after  shutting  down  the 
direct  current  generators.  The  primaries  of  these  transformers 
were  fed  by  a  5,000-volt  line  from  the  Northern  District  station, 
customers  in  Edgewater  then  receiving  alternating  current  over 
three-wire  network  with  results  which  have  been  more  satisfac- 
tory than  when  the  local  plant  was  operated.  The  regulation  of 
the  line  is  eflfected  by  means  of  induction  regulators  in  the 
Northern  District  station. 

In  the  Western  District,  where  the  fourv/ire  three-phase  sys- 
tem is  likewise  employed,  the  sub-station  is  located  as  shown  on 
the  map,  and  current  is  furnished  to  the  circuits  emanating  from 
this  sub-station  by  means  of  motor  generator  sets,  the  motor 
sides  of  which  receive  three-phase  current  at  9,000  volts  from  the 
principal  generating  station  at  Harrison  street. 

In  the  Southern  District  there  has  been  erected  a  principal 
generating  station,  the  location  of  which  is  shown  on  the  map  as 
Fifty-sixth  street,  and  the  territory  supplied  is  35  square  miles. 
This  station  supplanted  six  generating  stations  formerly  operated 
by  as  many  different  companies.  The  system  now  employed  in 
this  district  is  also  a  four  wire  three  phase  system,  singlephase 
mains  provided  with  potential  regulators  being  used  for  distribu- 
tion in  the  Englewood  district,  which  territory  adjoins  this  station. 
Four-wire  three-phase  lines  transmit  at  present  about  one-half  the 
output  of  the  generating  station  3i  miles  to  Hyde  Park,  where  a 
distributing  sub  stati  in  is  established.  The  first  story  of  the 
building  is  the  sub  station  proper,  while  the  second  story  is  fitted 
up  as  an  apartment  for  the  man  in  charge  of  the  sub-station.    On 
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the  first  floor  there  is  also  an  oflBce  and  store  room,  where  lamp* 
and  small  operating  supplies  are  kept  on  hand,  the  tronble  man 
for  Hyde  Park  reporting  at  this  station. 

The  sub-station  proper  consists  merely  of  a  switchboard  and 
potential  regulators,  which  are  installed  on  each  circuit,  no  step- 
down  transformers  being  necessary.  Each  circuit  is  equipped 
with  a  single-pole  three-throw  oil-balancing  switch,  by  which  the 
single  phase  circuits  are  balanced  on  the  three-phase  bus  bars. 
From  Fifty-sixth  street  station  a  transmission  line  also  runs  8^ 
miles  to  South  Chicago,  where  another  local  center  for  distribu- 
tion is  established. 

The  system  of  distribution  in  these  outlying  districts  is  such 
that  series  alternating  arc  lights  may  be  operated  when  desired 
from  the  bus-bars  of  the  generating  station  or  sub-station. 

The  method  of  generating  low  frequency  alternating  current 
in  one  or  two  large  stations  and  transmitting  the  energy  at 
high  voltage  to  sub-stations  for  conversion  to  direct  current  in 
thickly  settled  districts  is  now  being  adopted  in  soo^e  of  the 
large  and  more  progressive  cities  of  Europe,  notably  in  Berlin 
and  Milan. 

The  general  scheme  of  generation  and  distribution  in  Berlin  is 
similar  to  the  system  in  use  in  the  central  district  of  Chicago^ 
with  the  exception  that  in  Berlin,  motor  generators  are  used 
instead  of  rotary  converters.  Their  practice  also  differs  from  the 
American  in  that  the  direct  current  network  is  not  interconnected, 
as  for  some  reason  they  consider  it  dangerous  to  do  so. 

In  addition  to  the  former  direct-current  stations  in  the  central 
district  of  Berlin,  they  have  erected  two  large  stations  away  from 
the  center  of  the  city,  each  having  an  ultimate  capacity  of  about 
40,000  horse-power.  In  these  plants  three-phase  current  is 
generated  at  6,000  volts  by  direct  coupled  three-phase  units,  and 
is  transmitted  to  the  various  sub-stations  throughout  the  city. 
One  of  these  sub-stations  has  at  present  a  capacity  of  7,000  k.  w., 
current  being  taken  in  at  6,000  volts  and  reduced  by  means  of 
three  part  transformers  of  1,000  k.  w.  each  to  the  proper  work- 
ing pressure  for  operating  motor  generators  of  about  the  same 
capacity.  The  generating  side  of  each  is  wound  for  250  volts. 
It  is  the  practice  of  the  Berlin  company  to  use  storage  batteries 
in  connection  with  substations  in  much  the  same  manner  as 
is  being  done  in  American  sub-stations. 

The  general  scheme  of  transmission  and  distribution  in  the 
City  of  Milan  involves  the  use  of  three-wire  direct-current  distri- 
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bution  in  the  central  portion  of  the  city,  supplied  by  a  motor 
generator  station  located  near  the  Cathedral,  with  a  3,600- volt 
three-phase  primary  distribution  for  the  territory  beyond  the 
central  district.  Current  is  generated  at  13,500  volts  with  a  fre- 
quency of  42  cycles  per  second  by  three-phase  alternators  in  the 
water-power  plant  located  at  Paderno,  32  kilometres  from  the 
steam  station  at  Porto  Volta.  At  the  latter  point  the  voltage  is 
reduced  to  3,600  volts  by  step-down  transformers  and  connections 
made  in  parallel  with  the  3,600volt  generators  in  the  steam  sta- 
tion at  Porta  Volta.  From  this  3,600  volt  bus,  current  is  dis- 
tributed throughout  the  outlying  portions  of  the  city  by  means 
of  primary  mains  which  feed  transformer  houses  located  at  con- 
venient points.  From  these  transformer  houses  small  secondary 
networks  are  built  to  supply  the  customers  in  the  neighbor- 
hood. 

The  8ub  statibn  near  the  Cathedral  receives  its  current  at  3,600 
volts  from  the  main  bus  bar  in  the  station  at  Porta  Volta,  the 
motor  side  of  the  generators  in  the  sub-station  being  wound  for 
3,600  volts. 

The  Milan  Edison  Company  operates  the  street  cars  of  the 
City  of  Milan  as  well  as  doing  the  lighting  and  power  work  for 
the  city,  the  motor  generators  in  the  sub-stations  being  also  used 
for  operating  the  street  cars. 

Storage  batteries  are  used  in  Milan  for  both  railway  and  light- 
ing business,  the  railway  battery  having  a  capacity  to  take  care 
of  the  maximum  load  of  the  railway  for  one  hour,  and  the  light- 
ing batteries  being  sufficient  to  take  care  of  the  full  direct  cur- 
rent lighting  load  at  the  time  of  peak. 

The  general  principles  and  systems  which  have  been  here  ad- 
vocated as  advisable  for  Chicago  should  be  applicable  to  any 
large  American  city  as  the  general  conditions  in  all  large  cities 
are  approximately  the  same.  This,  however,  may  not  neces- 
sarily be  true  in  the  case  of  the  smaller  city  or  town  as  they  are 
usually  affected  by  some  local  conditions,  and  in  some  instances 
even  the  general  conditions  may  not  be  such  as  to  make  the  same 
system  applicable. 

The  aim  of  every  central  station  manager  should  be  to  strive 
for  simplicity  and  interchangeability  in  his  system  of  generation 
and  distribution,  avoiding  as  far  as  possible  multiplicity  and  com- 
plexity of  methods,  building  up  a  distribution  system  which 
shall  be  universal,  thus  standardizing  the  customers^  appliances 
and  apparatus  throughout  the  city. 
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LOCATING  FAULTS  IN  UNDERGEOUND  DISTRIBU- 
TION SYSTEMS. 


BY    HENRY   G.    8T0TT. 

With  the  rapid  and  extensive  growth  of  underground  cable 
systems  for  the  distribution  of  electricity  for  light  and  power 
purposes  a  problem  of  great  practical  importance  has  arisen, 
namely,  to  find  a  method  of  quickly  and  accurately  locating  a 
fault  or  ground  in  any  part  of  the  system. 

Witli  small  conductors,  such  as  those  used  for  telegraph  cable, 
the  ordinary  Blavier  and  loop  tests  with  galvanometer,  Wheatstone 
bridge  and  battery  suffice ;  but  the  percentage  of  error  in  locating 
a  fault  varies  directly  with  the  cross-section  of  the  conductor  or 
inversely  as  the  resistance.  Any  one  familiar  with  the  most 
refined  methods  of  battery  test  will  admit  that  the  loop  test  is 
the  best  of  all,  as  it  eliminates  the  worst  variable,  namely,  the 
fault  resistance.  Even  under  the  best  conditions  the  loop  test  has 
an  element  of  uncertainty  in  the  variation  of  the  zero  on  the 
galvanometer  due  to  earth  currents  getting  into  the  cable  through 
the  fault.  In  a  city,  the  source  of  this  error  becomes  of  greater 
importance  than  in  submarine  cables,  owing  to  the  leakage  of 
street  railroad  currents  through  the  earth  from  the  rails.  As  a 
matter  of  fact,  it  is  frequently  impossible  to  use  a  sensitive  gal- 
vanometer on  any  test  involving  the  use  of  the  earth  as  a  part  of 
the  circuit. 

Loop  tests  carried  out  with  the  comparatively  large  current  of 
ten  amperes,  using  millivoltmeters  instead  of  reflecting  gal- 
vanometers in  the  hope  that  tlie  stray  currents  would  thus 
become  such  a  small  percentage  of  the  test   current    that    the 
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errors  due  to  the  presence  of  the  former  would  be  practically 
eliminated,  also  failed  entirely,  and  the  conclusion  was  reluc- 
tantly reached  that  the  galyanometer  and  battery  must  be  aban- 
doned whenever  the  resistance  to  be  determined  was  less  than 
.25  ohm. 

The  distance  between  manholes  is  evidently  the  practical 
degree  of  accuracy  essential  to  any  successful  method.  This 
will  average  about  350  feet.  Assuming  that  .25  ohm  is  the 
limit  of  accuracy  obtainable  under  these  conditions,  in  the  loop 
test  this  means  that  the  method  is  not  applicable  to  any  con- 
ductor larger  than  No.  9  b.  &  s.  gauge,  and  therefore  of  no 
practical  value  for  lighting  and  power  purposes. 

Resistance  measurements  having  been  eliminated  as  a  pos- 
sible means  of  solution,  there  remain  three  others,  which  may 
be  called  : 

(a.)  "  The  cut-and-try  method." 
(6.)  "  The  smoke  method." 
{c)  " The  compass  method." 

(a.)  The  "  cut-and-try  method  "  is  too  well  known  and  too  bad  to 
merit  much  description,  as  it  simply  means  cutting  the  cable  into 
as  many  sections  as  necessary  until  the  fault  is  finally  located  in  a 
length  between  manholes.  This  is  a  slow,  expensive  and  unscien- 
tific method,  and  should  only  be  used  as  a  last  resort.  A  three- 
conductor  high-tension  cable  joint  costs  from  five  to  ten  dollars, 
and  a  jointer  and  helper  cannot  make  more  than  two  per  day,  so 
that  if  the  cable  is  five  or  six  miles  long  it  may  easily  take  four  or 
five  days  to  get  the  cable  in  service  after  removal  of  a  fault. 

(J.)  The  "  smoke  method  "  is  also  crude,  and  simply  consists  of 
putting  a  current  of  sufficient  magnitude  into  the  cable  through 
the  fault,  to  cause  the  insulation  to  burn  and  give  out  volumes  of 
smoke,  by  means  of  which  the  location  of  the  burnt  section  may 
be  discovered  upon  opening  up  the  manholes. 

The  method  is  more  rapid  in  yielding  results  than  (a\  as  no 
unnecessary  cuts  are  made  in  the  cable,  but  it  may  give  rise  to 
serious  trouble  in  other  cables,  especially  if  the  fault  be  in  or  near 
a  manhole,  as  the  flames  may  burn  not  only  a  great  length  of  the 
cable  itself,  but  also  other  cables,  or  cause  explosions  due  to  the 
ignition  of  the  gases  ever  present  in  all  city  conduits. 

(c.)  The  "compass  method  "  is,  in  the  writer's  opinion,  the  only 
practical  and  safe  means  of    quickly  and  accurately  locating  a 
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p^round  in  cables  larger  than  No.  9  b.  &  s.  gauge.  This  method 
consists,  briefly,  in  sending  a  constant  continuous  current  of  about 
10  amperes  into  the.  cable  through  the  ground,  the  current  first 
passing  into  an  automatic  re verser  which  reverses  the  direction 
of  the  current  flow  every  10  seconds.  A  manhole  is  then  opened 
near  the  center  of  the  cable  lenorth  and  a  pocket  compass  laid  on 
the  lead  sheathing  of  the  faulty  cable  and  observed  for  say  half 
a  minute.  If  the  ground  is  further  from  the  source  of  reversed 
current  the  compass  needle  will  swing  around  approximately 
180*^  upon  every  reversal  at  the  end  of  each  10  seconds  interval. 
The  manhole  is  immediately  closed  and  another  opened,  say  a 
mile  further  away  from  the  source  of  test  current,  and  if  no 
motion  of  the  compass  needle  occurs,  then  the  fault  has  been 
passed  and  another  manhole  is  opened  between  the  two  first 
positions,  and  so  on  until  the  fault  is  finally  located  in  a  section 
between  two  manholes. 

It  will  be  observed  that  by  this  method  (ist)  the  cable  is  not 
cut,  thus  causing  no  delay  or  expense  in  re  jointing ;  (2d)  the 
number  of  manholes  opened  is  a  minimum,  and  the  time  spent 
in  each  is  only  about  one  minute  ;  (8d)  the  aivount  of  current 
used  is  so  small  that  no  arcing  or  burning  occurs  and  no  explo- 
sions. 

Figure  1  shows  one  form  of  reverser  used  by  the  Manhattan 
Kailway  Company,  consisting  of  a  ^  h.  p.  three-phase  induction 
motor,  geared  to  a  two-part  commutator,  which  revolves  in  oil  in 
order  to  ensure  the  quick  reversal  of  current  without  danger  of 
arcing  across  between  segments.  An  ordinary  constant  continu- 
ous current  arc  light  machine  is  the  most  convenient  source  of 
current  for  this  test,  as  it  will  supply  a  constant  current  through- 
out a  wide  range  of  voltage,  thus  automatically  adjusting  itself  to 
the  varying  fault  resistance.  Should  an  arc  light  machine  not  be 
at  hand  500-volt  current  can  be  used  through  a  resistance  and 
reverser. 

Before  putting  on  the  reversed  current  it  is  advisable  to  break 
down  the  fault  resistance  by'  the  application  of  a  high  potential 
testing  transformer  to  the  cable  for  a  few  seconds. 

This  method  of  test  is  especially  useful  in  any  network  of 
cables,  such  as  2,200  volt  single,  two  or  three-phase  mains,  and 
feeders,  as  the  test  current  can  be  run  on  the  network,  without 
shutting  down  the  supply  service  or  interfering  with  it  in  any 
way,  by  simply  sending  the  10-ampere  reversed  current  throuirh 
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Fig.  1.— Motor  Driven  Current  Reverser. 
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a  reactive  coil  (or  the  primary  of  a  transformer)  before  entering 
the  grounded  main.  This  is  merely  done  to  protect  the  arc  light 
generator  in  case  another  ground  should  develop  and  thus  cause 
a  short-circuit  on  the  a.  c.  generator.  This  method  of  testing  live 
circuits  is  only  applicable,  of  course,  to  those  supplying  alternat- 
ing current  and  having  no  permanent  ground  attached. 

After  using-  this  method  of  locating  faults  for  four  years,  the 
writer  cannot  recall  any  case,  in  which  the  method  was  properly 
applied,  that  required  more  than  three  hours  to  locate  a  fault  in 
cables  having  a  length  of  from  four  to  six  miles.  The  whole 
secret  of  this  rapidity  lies  in  the  fact  that  the  first  test  at  the 
center  of  the  line  eliminates  one-half  of  the  cable  from  the 
question.  To  find  a  fault  in  a  duct  between  manholes  in  a 
similar  length  of  cable,  by  any  other  method  known  to  the 
writer,  may  easily  take  two  days,  and  as  many  more  may  be 
required  to  repair  the  cuts. 

The  writer  trusts  that  the  above  notes  may  be  of  some  prac- 
tical value  to  the  profession,  and  that  the  method  recommended 
will  be  found  as  certain  and  satisfactory  by  those  who  have  not 
as  yet  used  it  as  by  those  who  have. 
New  York,  November  ».  1901. 
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THE   BUFFALO  HIGH-TENSION   CABLE   DISTRIBU- 
TION SYSTEM. 


BY    HAROLD    W.    BUCK. 

In  the  development  of  the  electrical  transmifision  of  power 
many  propositions  are  being  presented  of  a  water  power  or  coal 
mine  situated  within  sach  a  distance  of  a  city  that  it  is  cheaper  to 
transmit  power  from  the  mine  or  waterfall  than  to  generate  it  by 
steam  in  the  city  itself.  In  such  systems  three  engineering 
elements  must  be  considered  :  first,  the  generating  plant ;  second, 
the  transmission  line,  and  third,  the  method  for  distributing  the 
power  at  the  end  of  the  transmission  line.  Electrical  generating 
plants  and  transmission  lines  have  been  the  Subject  of  many  dis- 
cussions, but  the  terminal  arrangements  for  transmission  lines  are 
newer  in  their  development,  and  it  is  the  object  of  this  paper  to 
bring  the  matter  up  before  the  members  of  the  Institute  for  dis- 
cussion, the  problem  presented  being  the  best  method  of  distribut- 
ing the  power  throughout  a  city  after  a  point  has  been  reached  on 
the  transmission  line  where  it  is  no  longer  safe  to  carry  the  power 
overhead  at  the  transmission  voltage.  Such  limitations  exist  on 
the  outskirts  of  all  cities. 

In  order  to  serve  as  a  basis  for  discussion  and  to  point  out  the 
various  considerations  which  enter  a  brief  description  will  be 
given  of  the  method  which  has  been  adopted  for  the  distribution 
of  Niagara  power  in  BuiSfalo. 

Fig.  1  shows  a  map  of  the  Niagara-Buffalo  transmission  line 
indicating  the  relations  between  the  overhead  circuit  and  the  cir- 
cuits of  distribution  within  the  Buffalo  city  limits,  the  numeral  3 
on  the  map  indicating  the  terminus  of  the  28,000- volt  overhead 
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three-phase  lines.  At  this  point  the  three  overhead  circuits,  each 
having  a  capacity  of  10,000  h.  p.  at  7  per  cent,  line  loss,  enter 
a  terminal  house,  and  are  connected,  as  shown  in  Fig.  2,  through 
circuit  breakers,  selector  switches,  bus  bars,  etc.,  to  the  22,000- volt 
primaries  of  the  step-down  transformers.  These  transformers 
have  a  capacity  of  3,000  h.  p.  each,  and  are  of  the  oil-water  cooled 
type.  The  secondaries  of  the  transformers  are  wound  for  11,000 
volts,  making  the  ratio  of  reduction  of  voltage  2  : 1.  The  second- 
aries of  the  transformers  are  connected  through  selector  switches 
and  two  sets  of  bus  bars  to  the  underground  cables,  each  of  whioh 
is  connected  through  an  air-break  circuit-breaker.  With  the 
arrangement  shown,  the  Buffalo  system  can  be  operated  in  two 
sections  if  desired,  and  any  overhead  circuit  or  any  cable  con- 
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nected  to  either  of  the  banks  of  transfonners.  The  11,000-volt 
cables  supplied  from  the  secondaries  of  the  terminal  house  trans- 
formers are  drawn  through  tile  ducts  under  the  streets  in  the 
usual  manner,  and  carry  the  power  to  the  various  sub-stations 
throughout  the  city  of  Buffalo.  At  present  there  are  five  feeders, 
each  consisting  of  No.  000  triple-conductor  lead-covered  cables. 
Two  of  these  have  9/32"  rubber,  two  8/32"  rubber  and  one 
6^/32"  paper  and  4/32"  paper  over-all.  The  lead  in  all  cases  is 
i"  thick. 

Fig.  3  shows  the  general  arrangement  of  cables  throughout  the 
city,  with  the  various  methods  which  are  used  for  transferring 
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from  one  to  another  and  for  cutting  out  damaged  sections  of  a 
cable  by  means  of  section  switches,  so  that  the  entire  length  of 
cable  from  the  terminal  house  will  not  have  to  be  cut  out  of 
service.  Special  attention  is  called  to  these  section  switches, 
which  are  shown  in  Fig.  4.  They  are  of  the  triple-pole,  single- 
throw  type  of  oil-break  switch,  with  a  waterproof  hood  of  iron 
bolted  to  the  top  of  the  switch  frame  for  the  protection  of  cable 
heads  and  leads.  These  switches  are  installed  in  vaults  under  the 
city  streets,  placed  at  convenient  intervals.  Some  of  the  vaults 
are  as  large  as  10'  x  12'.     The  switches  are  absolutely  waterproof 
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Fig.  3. — Connections  Buffalo  Terminal  House. 

and  could  be  submerged,  if  necessary,  without  danger,  and  will 
open  the  circuits  under  heavy  loads  without  difficulty.  They 
have  proved  of  great  convenience  at  times  when  repairs  have 
been  necessary  on  sections  of  the  cables,  and  for  locating  faults 
without  the  necessity  of  cutting  the  cable.  I  believe  that  under- 
grou?id  section  switches  of  this  kind  vrauld  prove  of  great  service 
to  all  high-tension  cable  systems,  and  believe  that  the  design 
shown  is  entirely  safe  for  service  at  11,000  volts. 

In  all,  seven  sub-stations  are  supplied  with  power  at  11,000 
volts,  three-pHase,  distributed  as  follows  with  reference  to 
Fig.  3  : 
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Station  No,  4. — 2,000  ir.  p.  for  railway  purposes,  transformed  from  11,000 
Yolts  to  860  Yolts,  and  fed  to  four  500  h.  p.  rotary  converters.  1,000  h.  p.  for 
general  power  distribution  on  a. tertiary  system  at  2,200  Tolts,  three- phase,  the 
Toltage  being  lowered  from  11,000  Tolts,  by  three  250  k.  w.  transformers.  This 
8,200-yolt  distribution  is  partly  overhead  and  partly  underground. 

Saturn  No,  6. — 1,600  h.  p.  for  railway  purposes,  transformed  from  11,000 
volts  to  860  volts,  and  fed  to  three  500  h.  p.  rotary  converters. 

Station  No,  6. — 1,000  h.  p.  for  railway  service,  as  in  Station  No.  5. 

Station  No,  7.-6,000  h.p.  is  transformed  from  11, 000  volts  to  860  volts  and 
fed  to  the  plant  of  the  Buffalo  lighting  company  in  an  adjacent  building. 
1,000  H.  p.  transformed  to  2,200  volts,  three-phase,  for  general  power  distribu- 
tion on  the  tertiary  system. 


No.  10 
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Fio.  3.— Buffalo  ll.OOO-VoU  Cable  System. 

StaUon  No.  8.-2,000  h.  p.  transformed  from  11,000  volts  to  2,200  volts 
three-phase,  for  power  distribution  on  the  tertiary  system. 

Station  No,  0.-1,600  h.  p.  transformed  from  11,000  volts  to  860  volts,  for 
supplying  power  to  three  600  h.  p.  rotary  converters  for  railway  purposes. 

Station  No,  10. — 1,000  h.  p.  for  railway  purposes,  as  in  Station  No.  9. 

It  might  be  asked  why  the  power  is  not  transmitted  from 
Niagara  Falls  at  11.000  volts  and  distributed  through  the  under- 
ground cables  without  transformation.  It  will  be  found,  how- 
ever, that  the  saving  in  copper  on  the  transmission  lines  by  the 
use  of  22,000  volts  more  than  pays  for  the  transformer  installa- 
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tion  Id  the  terminal  house,  and  that  the  saTing  in  line  loss  is 
greater  than  the  loss  introduced  by  the  step-down  transformers. 
The  longer  the  transmission  line  the  greater  would  be  the  pro- 
portionate saving.  It  may  also  he  asked  why,  if  the  overhead 
lines  are  to  be  operated  at  22,000  volts,  the  transmission  cannot 
continue  at  this  voltage  throughout  the  cable  system  in  order  to 
avoid  the  use  of  step  down  transformers.  It  is  true  that  there 
have  been  examples  of  successful  operation  of  underground 
cables  at  voltages  even  higher  than  22,000  volts,  notably  the 
transmission  from  the  plant  of  the  St.  Croix  Power  Company; 
but,  obviously,  what  can  be  done  on  a  through  trunk  line  cannot 
be  safely  done  on  a  network,  and  the  BuiSfalo  underground  sys- 
tem is  essentially  a  network.  It  has  many  lateral  connections, 
frequent  joints,  section  switches,  cable  heads  and  switchboard 
connections,  and  under  these  conditions,  which  are  probably  no 
different  from  the  requirements  of  other  cities,  I  believe  that 
11,000  volts  is,  in  the  present  state  of  the  art  at  least,  the  highest 
voltage  which  should  be  considered.  The  success  of  the  Buffalo 
power  distribution  at  11,000  volts,  which  has  covered  a  period  of 
about  four  years,  has,  however,  demonstrated  the  safety  and 
feasibility  of  using  a  potential  as  high  as  this,  provided  the  great- 
est precautions  are  taken  in  the  selection  and  installation  of 
cables,  and  in  the  insulation  of  all  terminal  appliances.  It  seems 
to  show  that  there  is  no  longer  any  reason  for  fixing  the  prevail- 
ing voltage  of  6,600  volts  as  the  safe  limit  for  underground  work 
and  for  paying  for  the  extra  copper  and"  ducts  required  by  the 
lower  voltage. 

In  cases  of  short-circuit  in  the  cables,  practically  no  damage  is 
done  at  11,000  volts  on  account  of  the  small  current.  Short- 
circuits  have  occurred  on  these  cables,  which  have  had  the  whole  of 
Niagara  power  back  of  them,  and  it  has  been  found,  after  locating 
the  fault,  that  the  lead  was  barely  melted  off  around  the  fault. 
At  6,600  volts  such  a  short-circuit  would  undoubtedly  blow  the 
cables  to  pieces  on  account  of  the  greater  current,  the  heat 
energy  at  the  fault  being  nearly  four  times  as  great.  This  is  a 
practical  advantage,  for  it  reduces  the  risk  of  damage  to  adjacent 
cables  and  ducts. 

In  the  city  of  Buffalo,  then,  we  find  a  distributing  company 
called  the  Cataract  Power  and  Conduit  Company  purchasing 
power  from'  the  Niagara  Falls  Power  Company  at  the  Buffalo 
city  line,  at  the  transmission  voltage,  lowering  it  to  11,000  volts, 
three-phase,  25-cycle8,  and  distributing  it  as  raw  material  in  this 
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form  as  dealers  in  power.  To  the  railway  compaDj  it  is  deliv- 
ered for  transformation  and  conversion  for  use  on  their  own 
direct  current  circuits,  to  the  lighting  company  for  conversion 
into  the  various  forms  in  which  Ihey  re-distribute  it  to  small  con- 
sumers, and  it  is  also  delivered  to  various  factories  using  power 
in  quantities  from  75  h.  p.  and  upwards,  to  which  consumers 
power  is  supplied  from  the  tertiary  system  mentioned  at  2,200 
volts,  three-phase,  from  sub-stations  owned  and  operated  by  the 
Cataract  Power  and  Oonduit  Company. 

From  a  business  as  well  as  an  engineering  standpoint  it  is  be- 
lieved that  the  methods  used  in  Buffalo  as  described  are  very 
satisfactory  and  economical.  The  primary  company,  viz.,  the 
Niagara  Falls  Power  Company,  confines  its  attention  to  the  gen- 
erating plant  and  transmission  line,  the  distributing  company  to 
the  delivery  of  three-phase  25-cycle  alternating  current  power, 
and  the  railway  and  lighting  companies  to  the  interests  of  their 
own  circuits.  This  separation  of  responsibilities  is  entirely  logi- 
cal and  most  convenient.  It  would  still  be  better  if  the  Cataract 
Power  and  Conduit  Company  could  confine  itself  to  the  de- 
livery of  power  at  a  single  voltage,  viz.,  11,000  volts,  but  the  ter- 
tiary distributing  system  at  2,200  volte  is  necessary,  for  the  reason 
that  it  is  obviously  not  safe  to  supply  small  consumers  of  power, 
such  as  small  factories,  with  connections,  at  so  high  a  voltage. 
By  transformation  to  2,200  volts  the  numerous ''  grounds  "  which 
occur  on  these  circuits  are  made  independent  of  the  main  cable 
system,  and  the  induction  of  the  transformers  adds  to  the  self- 
introduction  of  these  circuits  and  limits  the  violence  of  short-cir- 
cuits which  occur  upon  them. 

The  transformation  of  voltage  at  the  city  line  from  22,000  volts 
to  11,000  volts,  beside  being  necessary,  is  also  a  positive  engineer- 
ing advantage,  for  the  reason  that  it  renders  the  1 1,000- volt  cable 
system  independent  of  "  grounds,"  and  high  voltage  disturbances 
from  lightning,  resonance,  etc.,  which  occur  at  times  on  the 
transmission  line,  since  there  is  no  electrical  connection  between 
the  two.  Although  there  have  been  several  instances  of  rises 
of  potentials  on  the  overhead  line  far  above  the  normal,  result- 
ing probably  from  resonance,  no  rises  of  voltage  have  been 
noted  as  having  been  transmitted  to  the  cables  by  induction 
through  the  cores  of  the  step-down  transformers. 

It  is  believed  that  the  methods  here  described  arfe  practicable 
and  convenient,  and  can  be  safely  followed  in  principle  by  those 
who  are  planning  similar  systems  of  distribution. 
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ALTEKNATING  CUERENT  AS  A    FACTOK   IN   GEN- 
ERAL DISTRIBUTION  FOR  LIGHT  AND  POWER. 

BY    CHABLE8   F.    SCOTT. 

The  foregoing  title  immediately  suggests  the  old-time  contro- 
versy, alternating  versus  direct  current.  The  present  problem, 
however,  may  be  more  accurately  stated,  alternating  current  only, 
versTis  alternating  current  and  direct  current. 

The  economical  radius  of  direct  current  supply  from  a  central 
station  is  so  limited  that  even  in  a  strictly  direct-current  system, 
if  it  covers  considerable  area,  recent  engineering  prescribes  a 
large  alternating  current  generating  plant  furnishing  power  to 
rotary  converter  sub-stations,  and  from  these  the  direct  current 
is  distributed.  This  is  witnessed  in  recent  installations  in 
Greater  New  York. 

The  problem,  therefore,  is  this:  For  general  distribution  for 
lighting  and  power  service  where  the  current  is  generated  in 
alternators,  is  it  desirable  to  utilize  the  current  as  alternating  cur- 
rent or  convert  it  into  direct  current  ? 

Before  taking  up  in  detail  the  various  elements  involved, 
the  following  statements  may  in  general  be  considered  as  axiom- 
atic : 

(1)  Simplicity  demands  a  uniform  system  with  elements  as  few 
as  possible  and  requiring  a  minimum  of  attention.  Converting 
apparatus  requires  rotating  machinery  and  the  presence  of  at- 
tendants, aud  these  involve  first  cost,  operating  expense,  com- 
plication and  liability  to  interruption  of  service. 

(2)  In  classes  of  service  for  which  direct  current  possesses  no  ad- 
vantage over  alternating  current,  conversion  is  undesirable.     For 
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example,  the  simplest  case  is  incandescent  lighting.  It  is  doubt- 
ful whether  any  one  would  propose  converting  to  direct  current 
if  incandescent  lighting  alone  is  to  be  supplied. 

(3)  In  outlying  districts  or  other  territory  where  the  output 
from  a  sub-station  would  be  quite  small,  it  would  obviously  not 
be  economical  to  convert  into  direct  current,  as  many  of  the  ex- 
penses of  such  a  sub-station  would  be  relatively  large,  so  that  the 
cost  per  kilowatt  for  c<>nverting  into  direct  current  would  be 
excessive. 

These  conditions  limit  the  general  problem,  and  the  question 
may  now  be  stated  thus :  In  those  cases  in  which  the  conversion 
from  alternating  into  direct  current  is  commercially  practicable, 
is  it  necessary  or  desirable  'i 

It  will  be  readily  granted  that  usually  a  large  part  of  the  ser- 
vice would  be  as  satisfactory  if  operated  by  alternating  as  by 
direct  current.  With  regard,  then,  to  those  elements  in  which 
there  is  a  diflEerence  of  opinion,  are  the  reasons  for  the  use  of 
direct  current  sufficient  to  justify  the  increased  complications 
and  expense  of  the  converting  apparatus  i 

To  answer  this  intelligently,  we  will  consider  it  in  two  divi- 
sions : 

{a)  In  the  utilization  of  electric  energy,  what  advantages  has 
direct  current  over  alternating  current  ? 

(J)  When  energy  is  generated  as  alternating  current,  what  dis- 
advantages are  involved  in  utilizing  it  as  direct  current? 

Taking  up  the  first  of  these,  let  us  consider  the  ordinary 
classes  of  service  and  the  means  of  providing  for  them. 

Incandescent  lighting  may  be  considered  as  indifferent  to  the 
character  of  the  current,  whether  it  is  alternating  or  direct, 
provided  the  frequency  be  sufficiently  high  to  prevent  flicker- 

Arc  lighting  is  most  extensively  carried  on  by  the  enclosed 
arc  lamp,  which  is  satisfactorily  operated  from  direct  current  cir- 
cuits, and  also  from  60  cycle  alternating  circuits  so  that  there  is 
no  compelling  reason  for  choosing  either  one  current  or  the 
other  as  far  as  arc  lamps  are  concerned. 

The  Nernst  lamp,  which  is  quite  satisfactory  in  its  operation  on 
alternating  current  but  not  on  direct  current,  gives  a  positive 
reason  for  choosing  the  former. 

In  discussing  motor  service  it  is  not  the  intentioif  here  to  enter 
into  a  controversy  as  to  the  relative  merits  of  alternating  and 


Digitized  by  VjOOQIC 


1001.]  SCOTT  ON  ALTERNATING  CURRENT,  846 

direct  current  motors.  SuflSce  it  to  say  that  both  are  in  exten- 
sive use  for  nearly  every  kind  of  service.  The  induction  motor 
is  notable  in  having  no  commutator,  and  on  account  of  its  ability 
to  stand  various  kinds  of  abuse,  it  is  especially  fitted  for  gen- 
eral distribution  of  power  in  all  sorts  of  places,  as  such  motors 
receive  little  or  no  attention. 

For  constant  speed  work  probably  no  one  will  question  the 
superiority  of  the  alternating  current  motor  from  the  standpoint 
of  the  man  who  uses  the  motor  and  pays  for  repairs.  Any  ob- 
jections which  may  be  brought  forward'  will  probably  be  urged 
on  account  of  reasons  applying  to  the  supply  system,  such  as  power 
factor,  starting  current  and  voltage  regulation.  These  items  may 
be  provided  for  by  properly  designing  the  system,  and  they  can- 
not be  regarded  as  legitimate  objections  to  the  use  of  the  alter- 
nating current  motor. 

For  variable  speed  work  the  conditions  are  different  ;  the 
fundamental  difference  is  due  to  the  fact  that  althougli  there  is  a 
close  correspondence  between  the  performance  of  the  induction 
motor  and  the  direct  current  shunt  motor,  with  constant  field  ex- 
citation the  alternating  current  motor  does  not  have  an  exact 
analogue  to  the  direct  current  series  m^tor.  It  follows  that  in- 
duction motors  cannot  exactly  duplicate  all  direct  current  motors. 
Therefore  the  results  which  may  be  desired  must  often  be  ob- 
tained in. a  different  way  from  the  methods  enaployed  with  direct 
current  motors. 

From  the  above  summary,  it  appeal's  that  all  of  the  important 
classes  of  service  for  which  current  from  a  central  station  is  used 
may  be  successfully  undertaken  either  by  the  direct  current  or  by 
the  alternating  current;  sometimes  equally  well,  sometimes  with 
the  advantage  on  one  side  and  sometimes  with  the  advantage  on 
the  other  side.  The  most  important  difference  is  probably  in 
the  case  of  variable  speed  motors  and  the  importance  of  this  will 
depend  quite  largely  on  the  proportign  of  this  kind  of  seivice. 
Although  the  alternating  current  motor  cannot  exactly  replace 
the  direct  current  motor,  so  that  there  may  be  some  inconven- 
ience in  changing  from  one  system  to  the  otlier,  yet  when  a  new 
plant  is  being  laid  out,  it  is  probable  that  the  cases  are  very  rare 
in  which  it  would  not  on  the  whole  be  practicable  to  utilize 
either  alternating  current  motors  or  direct  current  motors. 

To  consider  next  the  apparatus  employed  for  producing  and 
distributing  current,  the  elements  in  the  two  systems  may  be  set 
forth  as  follows  : 
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Alternators,  Alternators, 

Switchboards,  Switchboards, 

Primary  Mains,  Primary  Mains, 

Transformers,  Sub-stations  with 

Switchboards. 
Distributing  Circuits.  Transformers, 

Switchboards, 
Rotary  Conyerters, 
Switchboards, 
Distributing  Circuits. 

Comparing  these  in  detail,  the  generating  station  in  general 
will  be  substantially  the  same  for  the  two  systems,  although  a 
higher  frequency  will  nsnally  be  employed  if  there  is  little  or  no 
conversion  to  direct  current. 

The  primary  feeding  system  will  also  be  substantially  the 
same  in  the  two  cases,  differine:,  however,  in  the  number  of 
points  at  which  the  transformation  is  made  to  the  low  voltage, 
and  the  distributing  system  is  supplied  with  current. 

The  sub-stations  for  conversion  into  direct  current  constitute 
the  great  difference  between  the  two  systems.  Sub-stations  with 
converting  apparatus  are  expensive  to  install  and  to  operate. 
The  cost  of  the  sub-station  naturally  makes  it  desirable  to  have 
as  few  as  possible  ;  hence  they  are  located  at  as  great  a  distance 
apart  as  the  distributing  circuits  will  permit. 

The  cost  of  distributing  circuits  for  direct  current  is  therefore 
very  much  greater  than  for  the  low  tension  alternating  current 
circuits  to  which  current  is  supplied  from  a  large  number  of 
transforming  points  since  the  alternating  current  circuits  are  com- 
paratively short,  and  the  cost  of  copper  is  hence  greatly  reduced. 
This  effects  a  saving  not  only  in  the  cost  of  the  conductors  them- 
selves but  also  in  subways  and  ducts,  which  are  often  limited  in 
capacity  and  high  in  cost. 

The  liability  to  accident  and  interruption  to  service  is  inevita- 
bly greater  in  the  system  which  converts  to  direct  current,  than 
in  that  which  merely  transforms  to  a  lower  voltage,  since  the 
sub-station  with  its  switchboards  and  rotating  machinery  inter- 
venes between  the  generator  and  the  consumer. 

The  storage  battery  is  an  element  which  is  sometimes  presented 
as  a  reason  for  adopting  direct  current,  as  it  may  be  readily  added 
to  the  system.  It  may,  however,  be  used  in  connection  with  alter- 
nating current  distribution.   A  rotary  converter  may  be  employed 
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for  charging  the  storage  battery,  and  in  turn  the  battery  can 
supply  current  through  the  converter  to  the  alternating  circuits. 
In  this  manner  the  battery  may  be  related  to  the  alternating  sys- 
tem in  substantially  the  same  way  that  it  is  usually  related  to  the 
direct  current  system,  except  that  the  converter  Is  between  the 
battery  and  the  service. 

The  foregoing  general  comparison  between  the  two  generating 
and  distributing  systems  evidently  favors  the  one  which  employs 
alternating  current  only.  The  introduction  of  converting  ap- 
paratus therefore  must  be  justified  by  advantages  accruing  in 
connection  with  the  utilization  of  the  current,  which  are  suffi- 
ciently great  to  overbalance  the  extra  cost  and  complication. 

To  change  an  existing  direct  current  system  into  an  alternat- 
ing current  system  is  in  many  cases  a  difficult  matter.  The  cir- 
cuits which  are  suitable  for  direct  current  may  not  be  suited  for 
alternating  current.  The  motors  used  for  the  direct  current 
would  of  course  be  useless  on  the  alternating  circuits.  These 
and  other  similar  points  complicate  the  general  problem,  and 
when  an  existing  direct  current  plant  is  to  form  part  of  a  large 
system,  such  considerations  often  determine  the  plan  to  be  fol- 
lowed. 

The  foregoing  discussion  applies  particularly  to  large  city 
plants  for  supplying  lights  and  stationary  motors  for  general 
work,  and  it  has  been  assumed  that  the  entire  service  is  supplied 
either  by  direct  current  or  by  alternating  current.  There  are, 
however,  some  cases  where  a  combined  service  is  advantageous, 
alternating  current  being  supplied  for  certain  districts,  and  direct 
current  for  others. 

In  cities,  a  combined  service  for  general  distribntion  is  some- 
times applicable  for  furnishing  direct  current  from  sub-stations 
to  districts  which  have  previously  been  supplied  by  direct  cur- 
rent generatiiig  plants,  while  alternating  current  is  furnished  to 
the  outlying  parte.  The  same  generators  may  be  used  for  both 
classes  of  service,  and  may  supply  them  simultaneously.  Quite 
similar  results  may  be  attained  from  a  direct  current  genemting 
plant,  the  alternating  current  being  obtained  from  inverted  rotary 
converters. 

In  smaller  towns  a  combined  service  from  an  alternating  cur- 
rent plant  is  often  used  for  supplying  railways  by  60-cycle  rotary 
converters  in  connection  with  general  lighting  and  power,  the 
latter  service  being  entirely   by  alternating  current.     In  many 
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cases  the  lighting  and  railway  work  can  be  operated  from  the 
same  has  bars,  as  the  automatic  compounding  of  the  rotary  con- 
verters is  such  as  to  make  the  voltage  upon  the  general  system 
sufficiently  constant  for  lighting  service. 

IVobably  the  most  pertinent  conclusion  to  be  drawn  from  a 
discussion  of  this  kind  is  that  there  is  no  ideal  system,  and  no 
panacea  plan  which  can  be  universally  applied.  Existing  and 
local  conditions,  special  requirements  and  the  relative  import- 
ance of  the  various  classes  of  service  to  be  rendered,  must  all  be 
taken  into  account  in  determining  what  will  be  adequate  in  an 
individual  case. 

The  systems  which  we  have  been  discussing  have  an  important 
and  far-reaching  influence  upon  industrial  life  and  social  activity 
aside  from  their  engineering  aspects.  It  would  be  difficult  to 
iind  an  agent  more  instrumental  in  bringing  about  the  unitication 
and  concentration  of  diversified  industries  and  interests  than 
electric  energy  in  the  form  of  alternating  current. 

The  recent  electrical  development  in  Greater  New  York 
demonstrates  this  on  a  magnificent  scale.  A  generation  ago  it 
would  have  defied  the  imagination  to  discover  any  natural  con- 
nection between  such  widely  diflFerent  agents  as  horses  pulling 
street  cars,  locomotives  drawing  elevate<l  trains,  gas  lighting 
houses  and  streets,  water  operating  elevators,  stoves  heating  and 
cooking,and  engines  of  every  sort  and  class  doingahundred  kinds 
of  work.  But  all  of  these  and  many  others  are  in  common  being 
superseded  by  the  electric  current,  which  does  not  merely  replace 
but  develops,  expands  and  transforms.  It  is  notable  that  all  of 
this  varied  service  is  to  be  supplied  from  alternating  current  gen- 
erators; also  that  the  ontcome  of  the  evolution  of  plans  for 
genei'al  distribution  and  for  railway  work  is  identical  in  that 
alternators  of  the  same  frequency  are  being  installed  for  both,  so 
all  could  supply  current  to  a  common  universal  system. 


Digitized  by  VjOOQ IC 


A  paper  read  at  the  isSth  Meeting  of  the  Ameri' 
can  Institute  of  Electrical  Engineers^  New 
York  and  Chicago^  November  M,  tqot. 


l^OTES  ON  THE  ALTERNATING  CURRENT  SYSTEM 
OF  DISTRIBUTION. 

BY    W.    8.    BAH8TOW, 

Distributing  systems  are  usually  referred  to  under  two  head- 
ings— direct  and  alternating. 

The  direct  current  distributing  system,  starting  in  the  early 
'80's  and  appearing  generally  in  its  three-wire  form,  is  what  may 
be  termed  a  universal  system,  since  from  the  same  conductors,  and 
without  any  modification  whatever  at  the  customer's  service,  cur- 
rent is  furnished  direct  to  any  electrical  apparatus,  whether  for 
supply  of  power,  light  or  heat. 

The  alternating  current  distributing  system,  making  its  appear- 
ance in  its  single-phase  form  about  the  same  time  as  the  direct, 
never  started  as  a  means  of  universal  supply,  being  confined  in  its 
earliest  stages  of  development  to  the  furnishing  of  energy  for 
light  and  heat  only.  To  the  absence  of  the  alternating  current 
motor  can  probably  be  traced  its  restricted  use  and  the  early  slow 
progress  in  this  form  of  current  supply.  Had  there  been  early 
developed  a  single-phase  motor  which  would  have  met  all  the 
conditions  of  a  direct  current  motor  in  construction,  economy  and 
cost,  then  there  is  no  doubt  but  what  the  three-wire,  single-phase 
alternating  current  system  would  have  come  rapidly  to  the  front. 
Asto  whether  it  would  take  the  place  at  the  present  time  of  large 
installations  of  direct  current  supply,  might  perhaps  be  doubtful, 
since  the  storage  battery  as  apart  of  the  general  system  is  gaining 
ground  and  rapidly  becoming  indispensible. 

The  alternating  current  distributing  system  was  first  exploited 
as  a  house-to-house  supply,  and  continued  as  such  until  within 
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recent  years,  when  efforts  were  made  to  interconnect  the  second- 
ariep  to  increase  the  efficiency  and  reliahility  of  the  sjsitem.  It 
was  soon  found,  however,  that  the  paralleling  of  transformers  in 
old  systems  already  erected,  through  small  secondary  mains, 
was  much  like  paralleling  compound  generators  through  a  snaall 
equalizing  bus,  and  many  failures  were  the  result.  Steps  were 
then  taken  to  install  mains  of  such  a  size  as  to  make  the  drop  or 
loss  between  two  transformers  negligible,  and  for  a  short  time 
many  plants  operated  successfully  with  transformers  in  multiple 
on  fairly  long  secondary  mains.  As  the  demand  for  current  on 
the  mains  increased,  however,  the  change  in  the  size  of  con- 
ductors was  not  followed  up,  and  the  old  trouble  returned.  The 
system,  to-day,  therefore,  has  almost  reverted  to  a  house-to-house 
supply,  although  the  transformers  are  arranged  in  groups,  con- 
nected to  secondary  mains,  and  providing,  in  case  of  accident,  for 
interconnection. 

The  only  practical  and  successful  method  of  paralleling  trans- 
formers on  secondary  mains  of  distribution  is  the  placing  of  each 
transformer  or  bank  of  transformers  on  a  separate  feeder  and 
providing  at  the  station  means  for  regulation  on  such  feeder,  so 
as  to  make  it  possible  to  divide  up  the  load  on  the  diflFerent  trans- 
formers and  compensate  for  any  difference  in  transformer  regula- 
tion. Such  a  system  is  in  successful  operation  in  several  large 
plants,  and  is  productive  of  good  results.  When  the  alternating 
current  system  is  permanently  standardized  the  transformer  will 
no  doubt  be  considered  a  part  of  the  feeder,  only  one  transformer 
or  bank  of  transformers  being  installed  at  a  single  distributing 
point  of  a  single  feeder. 

As  before  mentioned,  owing  to  the  early  absence  of  any  com- 
mercial single-phase  motor,  there  was  "no  incentive  to  standardize 
and  develop  the  alternating  system,  as  has  been  done  in  the 
case  of  the  direct,  and  it  was  not  until  the  last  few  years  that  the 
alternating  system,  by  the  abandonment  of  the  single-phase  and 
the  change  to  multiphase,  approached  anything  like  a  universal 
system  of  supply.  Up  to  the  time  of  the  appearance  of  the 
multiphase  motor  the  development  of  motor  business  on  alter- 
nating systems  was  very  restricted,  as  the  uses  to  which  the  single- 
phase  motor  could  be  put  were  more  or  less  limited.  On  the  other 
hand,  the  introduction  of  the  multiphase  tnotor  necessitated  a 
change  in  the  entire  system  of  distribution,  and  it  is  not  until 
the  last  few  years  that  single-phase  has  entirely  given   place  to 
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multiphase  systems  ;  not,  in  fact,  until  it  became  apparent  that 
the  multiphase  motor,  undei  anj  stage  of  development,  would 
prove  superior  to  the  single-phase.  Probably  the  simplest  multi- 
phase alternating  current  distributing  system  which  would  be 
first  thought  of  would  be  the  two-phase,  three-wire  primary  aud 
three-wire  secondary.  Such  a  system  might  be  satisfactory  where 
light  only  is  used  and  where  the  middle  wire  of  the  secondary 
system  is  always  kept  of  proper  size  to  maintain  the  balance,  but 
there  is  no  doubt  that  the  better  commercial  form  is  the  four- wire 
secondary,  or  in  fact,  the  two  phases  taken  directly  from  the  ma- 
<5hine  to  the  customer's  service.  With  the  same  number  of  con- 
ductors, a  further  saving  of  copper  is  secured  by  the  use  of  the 
four-wire,  three-phase.  With  either  of  these  systems,  where 
transformers  area  part  of  the  individual  feeder,  a  complete  inter- 
connection of  mains  can  be  secured.  When  the  supply  from 
these  secondary  mains  is  introduced  into  the  premises  of  the  cus- 
tomer, necessity  for  installation  of  additional  transforming  appa- 
ratus arises.  If  the  secondary  be  of  a  pressure  of  110  volts  between 
phases,  either  large  motors  must  be  installed  at  this  pressure  or 
step-up  transformers  used.  In  either  case  the  mains  must  be  very 
large  to  take  care  of  thislow  pressure  motor  current,  and  especially 
when  such  multiphase  motors  are  frequently  stopped  and  started. 
If  the  secondary  be  of  a  pressure  of  220  volts,  the  size  of  con- 
ductors can  of  coui-se  be  reduced;  but  it  is  still  necessary  to  install 
a  transformer  or  balancing  device  if  110-volt  arc  or  incandescent 
lamps  are  used. 

With  the  object  of  simplifying  the  system,  in  many  cases  the 
multiple  network  of  secondary  mains  has  been  omitted,  and  in 
their  place  a  multiple  network  of  primary  mains  substituted,  the 
transformers  being  located  on  the  premises  of  the  customers. 
This  reduces  the  system  to  a  house-to  house  supply  and  makes 
necessary  the  building  of  vaults  or  in  other  ways  satisfying  the 
insurance  companies,  as  the  full  pressure  is  introduced  into  the 
premises  of  the  customer.  Such  an  arrangement  necessitates  an 
increase  in  the  transformer  capacity  of  the  system,  iince  the 
capacity  of  the  transformers  must  be  nearer  the  capacity  of  the 
connected  load  ;  whereas  if  grouped  and  the  supply  furnished 
through  secondary  mains,  the  transformer  capacity  can  approach 
nearer  the  actual  maximum  load  of  the  system. 

In  order  to  reduce  the  fluctuations  of  pressure  in  the  lighting 
circuit,  caused  by  large  direct-connected  alternating  current  mo- 
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tors  stopping  and  starting,  there  have  been  devised  several  systems 
which  provide  separate  means  of  supply  for  motors  and  for 
lights,  by  providing  additional  "power"  conductors,  but  in 
nearly  all  cases  such  systems  necessitate  the  installation  of 
primary  transformers  on  the  premises  of  the  customer.  With 
a  view  of  furnishing  a  single  service  to  the  customer  without  in- 
stalling apparatus  on  the  premises,  there  are  one  or  two  systems 
employing  four  or  live  low- tension  conductors  in  the  secondary, 
from  which  different  combinations  of  pressure  are  secured  for  the 
separate  operation  of  motors  and  lights,  but  such  systems  have 
not  been  put  to  extended  central  station  use. 

But  if  the  alternating  system  has  not  yet  attained  the  standard 
of  a  large  distributing  system  for  compact  territory,  it  is  neverthe- 
less alone  in  its  field  of  transmission  and  house-to-house  supply  in 
scattered  territory,  and  yet  even  in  these  fields  too  much  attention 
cannot  be  paid  to  the  consideration  of  future  permanent  supply, 
there  being  many  cases  of  its  having  been  used  as  a  very  tempo- 
rary means  of  *'  getting  there."  A  generator  is  bought,  a  few 
miles  of  small-sized  conductors  erected,  enough  transformer 
capacity  installed  to  supply  the  present  wants,  and  the  installation 
is  complete  and  trouble  begins.  When  extra  transformers  are 
required,  they  are  purchased  one  by  one  in  small  sizes  and  con- 
nected to  feeders  already  too  small  to  carry  the  load.  The  idea 
of  a  change  in  the  size  of  conductors  never  occurs,  and  soon  the 
station  manager  does  not  think  much  of  the  alternating  system, 
and  by  that  time  the  public  generally  agrees  with  him.  This  state 
of  conditions  is  due  to  the  fact  that  the  system  has  not  been  de- 
signed with  an  idea  of  permanency,  and  the  future  and  uiicalcu- 
lated  demand  upon  it  completely  destroys  its  usefulness.  Such 
a  state  of  affairs  existed  in  the  pioneer  days  of  direct  current  en- 
gineeiing,  the  future  demands  seldom  receiving  the  consideration 
which  they  warranted.  Inspectors  "  determined"  the  system  and 
visited  every  corner  of  the  city,  every  private  house,  hotel,  etc., 
and  finally  "  determined"  that  the  heaviest  direct  current  mains 
in  the  business  section  should  be  27,000  c.  m.  and  the  feeder 
41,000  cm.  Three  years  later,  in  the  same  city,  these  mains 
were  replaced  by  others  of  eight  times  the  capacity,  and  were 
even  then  too  small.  Such  was  true  of  the  simple  direct  current 
system,  audit  was  even  more  true  of  the  alternating  system.  The 
idea  that  the  alternating  high-pre?sure  system  saves  copper,  and 
that  therefore  it  may  be  possible  to  save  it  all,  has  often  brought 
about  a  final  failure  of  a  promising  success. 
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What  is  required  to-day,  however,  if  the  alternating  current, 
besides  retaining  its  field  of  transmission  and  scattered  distribu- 
tion where  it  is  supreme,  would  enter  the  compact  direct-current 
field  of  distribution,  is : 

First. — A  standard  type  of  motor,  which  can  be  used  for  all 
classes  of  business  demand,  and  will  meet  the  same  commercial 
requirements  as  the  present  direct-current  motor. 

Second. — A  universal  system  of  supply  which  does  not  require 
transformers,  etc.,  or  anything  outside  of  the  meter  itself,  to  be 
located  on  the  premises  of  the  customers. 

Third. — Some  apparatus  which,  in  connection  with  alternating 
current,  will  take  the  place  of  the  storage  battery  supply  on  the 
direct  current. 

With  these  requirements  complied  with,  the  alternating  cur- 
rent distributing  systems  can  expect  to  take  the  place  of  many 
of  the  large  direct-current  systems,  not  only  for  the  supplying 
of  light,  heat  and  power  but  also  for  transportation. 

Noyember  12.  1901. 
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DISTRIBUTION  OF  ELECTRICITY  IN  CITIES 
OF  MODERATE  SIZE. 


BY  WILLIAM  LI8PENARD  ROBB. 


In  dealing  with  the  question  of  the  distribution  of  electricity 
it  is  impossible  to  lay  down  any  but  very  general  principles  that 
will  apply  to  many  actual  cases.  Each  individual  case  will  be 
governed  largely  by  existing  lopal  conditions.  Much  that  would 
be  desirable  if  a  plant  were  being  laid  out  new  is  found  imprac- 
ticable when  the  conditions  of  an  existing  plant  are  taken  into 
account. 

Cities  naturally  divide  themselves  into  groups  according  to 
population,  and  for  the  purposes  of  this  paper  I  have  considered 
"  cities  of  moderate  size  "  as  including  those  having  a  population 
of  two  hundred  thousand  or  less.  A  satisfactory  solution  of  the 
problem  of  eleotrical  distribution  is. manifestly  different  in  cities 
of  this  class  from  that  in  the  large  metropolitan  cities. 

Indeed,  in  dealing  with  the  problem  in  cities  of  moderate 
size,  a  system  of  distribution  that  would  be  satisfactory  for  the 
smaller  cities  of  the  class  would  not  meet  all  the  requirements 
of  the  larger  cities.  No  exact  limitation  can  be  placed  as  to  the 
point  at  which  the  requirements  materially  change,  as  they  are 
largely  governed  by  local  conditions  other  than  population.  It 
seems  to  me,  however,  that  cities  having  less  than  about  50,000 
inhabitants  make  a  class  by  themselves. 

In  cities  of  less  than  50,000  inhabitants  a  very  considerable 
area  has  to  be  lighted,  in  general  extending  out  from  two  to 
three  miles  in  all  directions  from  the  central  station.     In  a  con- 
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siderable  portion  of  the  city  electricity  will  be  required  only  for 
street  lighting.  Then  fifty  to  one  hundred  miles  of  street  will 
have  to  be  lighted,  and  arc  lighting  will  generally  be  required 
for  this  service.  It  will  be  necessary  to  supply  electricity  for 
incandescent  and  arc  lighting  and  power  whenever  desired.  In 
general  in  the  cities  of  this  class  there  will  be  practically  no  ten- 
dency to  pqt  in  isolated  plants.  There  will  l)e  found  little,  if 
any,  objection  to  overhead  wires.  If  any  wires  should  be  re- 
quired to  be  placed  under  ground  it  will  be  only  in  a  very 
limited  section  of  the  city,  and  the  total  amount  of  electrical 
energy  supply  from  the  underground  wires  would  be  small. 
The  commercial  lighting  and  power  in  a  city  of  this  class  would 
not  be  concentrated  but  scattered  over  several  square  miles.  The 
demand  for  variable  speed  motors  would  be  too  small  to  be  taken 
into  account.  The  total  amount  of  electrical  energy  would  be 
too  small  to  warrant  the  maintenance  of  more  than  a  single 
station. 

Under  all  these  conditions  it  seems  to  me  that  only  three- 
phase  alternating  current,  having  a  frequency  of  GO-cycles  and 
under  a  pressure  of  about  2,300  volts  should  be  generated. 

The  street  arc  lighting  should  be  by  constant  current  series 
enclosed  arc  lamps.  The  distribution  for  lighting  would  in  gen- 
eral be  single  phase,  and  if  only  motors  of  three  h.  p.  or  under 
were  used,  it  would  be  best  to  operate  the  motors  from  the  single- 
phase  lighting  system.  My  own  experience  has  been  that  single- 
phase  motors  above  this  size  are  not  satisfactory  as  compared  with 
polyphase  motors,  and  will  not  meet  all  the  requirements.  Any 
city  central  station  should  be  capable  of  supplying  power  for  any 
purpose,  and  should  be  able  to  supply  current  for  electrolytic  and 
storage  battery  work.  When  the  motors  required  are  large, 
three  phase  motors  should  be  used,  and  three  phase  rotary  con- 
verters installed  on  the  customer's  premises  should  be  used  for 
electrolytic  purposes.  The  city  should  be  divided  into  sections, 
and  the  different  sections  supplied  from  the  different  phases.  If 
at  any  one  point  in  any  section  large  motors  or  rotary  converters 
are  required  the  additional  primary  wire  would  be  brought  from 
the  nearest  point  in  the  adjoining  section.  Satisfactory  service 
will  be  given  with  light  and  motors  supplied  from  the  same  cir- 
cuits. 

In  sections  where  there  is  any  concentration  of  lighting  and 
power,  a  220-volt  three-wire  system  of  secondary  wiring  should 
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be  used,  and  be  supplied  if  the  system  is  small  from  a  single 
transformer,  or,  if  the  system  is  large,  from  transformers  suitably 
located  at  several  points.  I  do  not  think  it  would  be  found  de- 
sirable in  practice  to  cut  out  any  of  these  transformer^  during 
the  hours  of  light  load. 

In  the  larger  of  the  cities  of  moderate  size  a  different  set  of 
conditions  exist,  and  the  problem  of  electric  distriljution  is  very 
materially  modified.  The  area  lighted  is  very  large,  and  while 
commercial  lighting  and  power  is  concentrated  in  sections,  light- 
ing and  power  service  has  to  be  supplied  in  practically  all  parts 
of  the  city.  There  is  a  tendency  for  the  department  stores, 
office  buildings  and  large  manufacturing  industries  to  put  in  their 
own  electric  plants,  and  there  is  a  growing  demand  for  the  wires 
in  the  business  section  to  be  put  underground. 

In  cities  of  this  class  there  are  generally  two  sections  where 
the  demand  for  electricity  is  concentrated — the  business  section 
— where  are  located  the  large  stores  and  oflBce  buildings  and  the 
manufactories  district.  Each  of  these  sections  has  its  own  char- 
acteristics. In  the  business  district  the  use  of  the  large  motor 
is  largely  confined  to  elevator  and  other  service  where  the  load 
is  exceedingly  variable  and  intermittent,  and  at  the  same  time 
the  very  best  lighting  service  is  insisted  upon,  both  as  regards 
the  constancy  of  the  lights  and  the  absolute  certainty  of  the 
service.  As  a  rule,  in  the  manufacturing  district,  the  percentage 
variation  in  load  on  the  motor  service  is  very  much  less  than  in 
the  business  section,  the  only  variation  that  seriously  affects  the 
lights  occurring  when  the  ma(jhinery  is  started  in  the  morning 
and  after  the  noon  hour.  At  these,  times  there  is  practically  no 
lighting.  While  the  demand  thj«t  the  wires  in  the  business  sec- 
tion should  be  placed  underground  must  be  heeded,  there  is  prac- 
tically no  demand  for  it  in  manufacturing  districts. 

The  central  station  should  be  located  at  a  point  where  coal 
can  be  delivered  directly  from  the  boat  or  railroad,  and  where 
water  for  condensing  can  be  readily  obtained.  In  nearjy  all 
places  this  means  that  the  generating  station  will  be  situated  a 
considerable  distance  from  the  business  section  of  the  city.  The 
conditions  existing  in  the  business  section  of  a  city  of  this  class, 
as  against  the  concentration  of  load,  the  intermittent  character  of 
the  motor  load,  the  necessity  and  desirability  of  underground 
wires,  the  existing  investment  of  central  station  and  customers 
in  direct  current  apparatus,  isolated  plants  and    the   relatively 
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high  price  charged  at  present  for  alternating  currents  and  arc 
lamps,  motors,  etc.,  make  it  desirable  to  supply  the  basiness  sec- 
tion at  the  present  time  with  direct  current. 

Considering  that  it  is  desirable  to  supply  both  commercial 
incandescent  and  arc  lighting  and  also  motors  from  the  same 
system  of  wiring,  it  seems  best  that  the  current  should  be  dis- 
tributed on  the  three-wire  220-volt  system.  This  voltage  is 
preferable  to  a  44()-volt  system,  as  in  my  opinion  the  saving  in 
copper  required  for  the  distribution,  if  the  higher  voltage  is 
used,  is  much  more  than  counterbalanced  by  the  inferiority  of 
the  220-volt  arc  and  incandescent  lamps  as  compared  with  the 
corresponding  1  lO-volt  lamps. 

In  general,  the  situation  of  the  power-house  most  suitable  for 
the  cheap  production  of  electricity  will  not  be  in  the  business 
districts  The  needs  of  a  city  of  moderate  size  would  also  not 
justify  the  operation  of  two  power-houses.  The  electricity  for 
the  business  district  should  therefore  in  general  be  supplied 
from  a  rotary  converter  sub-station,  situated  as  near  as  possible 
to  the  center  of  distribution  of  the  business  district. 

The  main  power-house  should  generate  only  alternating  cur- 
rent. This  should  have  a  frequency  of  60-cycles,  be  a  three- 
phase  four-wire  system,  and  have  a  pressure  of  approximately 
2,300  volts  between  each  phase  wire  and  the  common  wire.  The 
four-wire  three-phase  system  is  preferred,  owing  to  the  saving  of 
copper,  over  other  systems  that  would  prevent  the  using  of 
standard  3,300-volt  transformers  and  other  standard  line  ma- 
terials. Sixty  cycles  should  he  used,  as  arc  lamp  motors,  incan- 
descent lamps  and  rotary  converters  for  supplying  the  220- 
volt  direct  current,  can  all  be  operated  satisfactorily  at  this  fre- 
quency, and  at  no  other  frequency  at  which  generators  are  now 
made  commercially. 

The  electricity  from  the  power-house  to  the  rotary  substation, 
should  be  transmitted  on  the  three-phase  wire,  the  common  fourth 
wire  being  omitted.  Boosters  would  not  be  required,  and  the 
pressure  in  the  d.  c.  side  of  the  rotaries  would  be  varied  by  means 
of  the  static  transformers  used  in  connection  with  the  rotaries. 

The  direct  current  distribution  from  the  sub-station  should  be 
underground.  Not  only  is  this  demanded  by  the  public,  but  in 
the  business  section  of  the  largecities,  I  believe  that,  interest  or  in- 
vestment cost  of  maintenance  taken  into  account,  it  is  decidedly 
cheaper  as  well  as  much  more  satisfactory  to  maintain  an  under- 
ground than  an  overhead  system  of  distribution. 
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The  feeders  should  be  lead-covered  cables  drawn  into  conduits, 
as  feeders  are  liable  to  have  for  short  periods  considerable  over- 
loads, and  there  are  no  branches  to  be  tapped  off.  I  believe 
paper  insulation  is  more  satisfactory  as  well  as  cheaper  for 
feeders  than  rubber. 

The  distribution  boxes  should  be  of  the  manhole  type,  or  bet- 
ter still,  of  the  lamp-post  type.  The  old  style  of  Edison  box 
blocks  traffic  too  much  to  be  installed  at  the  present  time. 

When  frequent  services  have  to  be  made  there  is  nothing  so 
satisfactory  as  the  old  Edison  tubes.  When  the  services  are  in- 
frequent the  most  satisfactory  system  is  to  use  lead-covered  rub- 
ber insulated  cable  drawn  in  ducts  as  distributing  mains,  carrying 
a  single  service  into  each  building  from  a  small  distributing  box 
placed  at  every  other  property  line.  Arc  lighting,  incandescent 
lighting  and  power  should  all  be  supplied  from  the  same  system 
of  distribution. 

Outside  of  the  business  section  the  electricity  should  be  sup- 
plied for  all  purposes  on  the  alternating  current  system.  The 
current  should  be  taken  to  the  power-house  from  various  dis- 
tributing centers  on  the  four- wire  three-phase  system.  From 
these  centers  of  distribution  single-phase  circuits  should  be  run 
for  the  operation  of  commercial  arc  and  incandescent  lighting 
and  small  motors.  Additional  phase-wires  would  have  to  be 
taken  from  the  centers  of  distribution  to  manufacturing  plants 
where  large  motors  were  used. 

When  the  lighting  is  at  all  concentrated,  the  lighting  and 
motors  should  be  supplied  from  three-wire  220-volt  secondary 
mains,  fed  by  large  transformers,  and  it  will  be  found  desirable 
to  thoroughly  ground  the  neutral  wire. 

The  street  lighting  should  be  by  series  constant  current  arc 
lamps.  In  some  cases  it  would  be  desirable  to  supply  the  cur- 
rent  for  these  from  transforming  devices  located  at  the  central 
power-house.  In  other  cases  the  transforming  devices  could  be 
most  advantageously  located  at  the  centers  of  alternating  current 
distribution,  as  thereby  the  number  of  wires  could  be  materially 
reduced,  a  few  large  wires  taking  the  place  of  a  very  much  larger 
number  of  small  wires. 

In  order  that  a  system  of  alternating  current  distribution  of 
any  size  should  be  satisfactory,  it  is  necessary  that  the  arrange- 
ment of  the  power-house  be  such  that  current  be  supplied  to  the 
different  feeders  at  different  pressures.      This  can  be  done  by 
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boosting  transformers  in  each  feeder  circuit,  and  by  a  system  of 
pressure  wires  brought  back  to  the  power-house  from  the  various 
centers  of  distribution,  or  by  the  automatic  device  of  Mr.  W.  L. 
K.  Emmet. 

The  8acces>ful  introduction  of  the  JS^ernst  lamp  into  the  fields 
of  incandescent  and  arc  lighting,  and  the  development  of  the 
steam  turbine,  should  have  a  marked  effect  iu  favor  of  the  gen- 
erating and  distribution  of  alternating  current.  On  the  other 
hand,  the  air  is  full  of  rumors  of  marked  improvements  in 
storage  batteries. 
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250-VOLT  THREE-WIRE  DISTRIBUTION  FOR 
LIGHTING  AND  POWER. 

BY   PHILIPPO   TOECHIO. 


In  the  laat  few  years  great  improTements  have  been[Imade  in 
the  manufacture  and  selection  of  incandescent  lamps.  The  arc 
lamp  practice  has  undergone  a  radical  change.  The  wiring  and 
appliances  connected  with  electric  installations  of  buildings  and 
other  places  have  been  brought  up  to  a  high  standard  of  good 
workmanship  and  insulation.  These,  and  other  not  less  impor- 
tant improvements,  have  made  possible  the  use  of  commercial 
voltages  considerably  higher  than  were  permitted  in  the  early 
stages  of  the  industry  of  electric  lighting  and  power  distribu- 
tion. 

In  existing  well- developed  systems  of  low -tension  current  dis- 
tribution it  would  be  out  of  the  question  to  consider  at  this  date 
the  proposition  of  changing  the  voltage  of  established  systems, 
but  on  new  installations  and  in  places  where  changes  of  systems 
of  distribution  are  contemplated  it  is  sometimes  convenient  to 
adopt  the  three-wire  500-volt  system  which  has  met  with  great 
favor  abroad,  and  especially  in  England,  and  which  is  gradually 
being  introdnced  in  this  country.  In  its  favor  are  the  following 
points : 

The  system  has  all  the  advantages  of  the  original  low-tension 
Edison  three-wire  system,  and  it  has  greater  capabilities  of  expan- 
sion in  lightly  loaded  or  scattered  territories,  as  is  often  the 
case  in  small  cities  or  in  large  factories  and  other  places.  The 
system  is  economical  to  operate,  it  is  economical  as  to  distribu- 
tion within  a  wide  radius,  it  is  flexible  and  easy  of  control  and 
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simple  of  operation,  and  free  from  such  troubles  as  capacity  and 
inductive  eflfects  which  appear  on  a.  c.  transmission  lines  and 
translating  devices  ;  it  can  be  applied  directly  to  a  greater  variety 
of  services  than  any  other  system,  and  finally  it  derives  from  the 
use  of  the  storage  battery  economical  advantages  in  station  in- 
vestment and  the  invaluable  commercial  superiority  of  ensuring 
continuity  of  service. 

The  generating  equipment  and  the  station  apparatus  for  500- 
volt  systems  is  just  as  well  developed  as  any  other  apparatus  on 
the  market,  and  the  cost  is  well  in  line  with  other  standard 
apparatus. 

The  main  unfavorable  points  of  the  500  volt  three-wire  system 
are  {a)  the  increased  tendency  to  arc,  necessitating  the  use  of  wir- 
ing and  appliances  of  high  insulation  and  carefully  separated  ter- 
minals at  the  customers'  installation,  (J)  the  lower  efficiency  of 
the  250-volt  incandescent  lamps  as  compared  with  lamps  of  half 
that  voltage,  {c)  the  difficulty  of  operating  250-volt  arc  lamps. 

These  limitations  are  gradually  becoming  less  and  less  restrict- 
ive, as  a  review  of  the  present  conditions  will  demonstrate. 

As  to  the  insulation  requirements  for  wiring  and  appliances, 
the  new  rules  of  the  National  Board  of  Underwriters  prescribe 
the  same  insulation  and  breakdown  test  for  all  wires  used  with 
voltages  between  0  and  600 ;  all  lamp  sockets  and  receptacles 
must  be  suitable  for  use  on  any  voltage  up  to  250  volts,  only 
rosettes,  cleats,  knife  and  snap  switches,  etc.,  are  required  to  be 
special  for  voltages  between  250  and  600.  In  general,  it  may  be 
said  that  any  modern  installation  will  safely  withstand  a  500-volt 
service,  and  that  the  conservative  requirements  of  the  Board  of 
Fire  Underwritei*8  are  not  uncommercially  stringent.  It  may, 
however,  be  said  that  not  all  the  local  Boards  of  Fire  Underwritere 
have  as  yet  adopted  the  rules  of  the  National  Board. 

In  regard  to  efficiency  of  high  voltage  incandescent  lamps,  the 
diflference  for  the  standard  16  c.  p.  lamp  of  same  candle  hour 
area  as  the  low  voltage  lamp  is  about  10  per  cent.  The  best 
200  -250-volt  16  (1.  F.  lamps  made  at  present  have  an  initial 
efficiency  of  3.4  watts  per  candle,  and  have  the  same  life  as  the 
3.1  watt  per  candle  110-125-volt  lamp. 

In  large  cities  supplied  by  Edison  system,  the  common  prac- 
tice is  to  use  lamps  of  3.1  watts  per  candle;  in  all  other|places, 
lower  efficiency  lamps  are  ordinarily  used,  and  the  3.6jwatts  per 
candle  lamp  is  quite  common.     In  the  latter  case  the'adoption  of 
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a  3.4-3.5  w.  p.  c.  250  volt  lamp  would  not  materially  overtax  tbe 
user  nor  the  illuminating  company,  and  therefore,  for  such  places 
the  500-volt  three  wire  system  would  not  be  at  a  disadvantage  on 
that  account. 

The  difficulty  of  adapting  arc  lamps  to  the  500  volt  three-wire 
system  has  been  overcome  by  connecting  two  ordinary  enclosed 
arc  lamps  in  series  in  the  same  manner  that  the  old  open  arcs 
were,  and  are  still,  in  many  places,  connected  on  the  110-volt  cir- 
cuits. Lately,  however,  several  types  of  double  arc  lamps  have 
been  used  with  entire  success.  The  single  arc  has  also  been  tried 
to  some  extent,  but  it  has  proved  a  failure  for  general  use  on 
account  of  the  objectionable  blue  light  it  give^^.  Such  lamps  are, 
however,  used  for  street  lighting  in  a  few  places. 

The  review  of  the  difficulties  to  be  overcome  shows  that  they 
are  not  very  serious,  especially  for  new  installations  and  where 
changes  of  distribution  are  contemplated. 

In  some  calculatioits  recently  made  to  show  the  economic  rela- 
tions between  this  system  and  the  ordinary  250- v.  three- ware 
system  it  was  shown  that  the  savings  are  very  large  for  lightly 
loaded  districts.  In  the  following  table  (I)  are  given  the  different 
assumptions  made  and  steps  followed  in  the  calculation,  which 
were  as  follows : 

First  column  gives  density  of  distribution  per  foot  of  street — 
i.  e.^  watts  maximum  load  per  foot  of  street. 

Column  (I)  gives  total  length  of  streets  covered  by  mains  per 
square  mile,  to  which  unit  are  referred  all  following  calculations. 
The  assumption  was  made  that  in  American  cities  there  are  on 
the  average  25  miles  of  streets  built  per  square  mile  of  territory, 
exclusive  of  parks  and  open  places.  In  the  business  and  crowded 
sections  it  was  assumed  that  practically  all  the  streets  are  covered 
by  mains.  In  less  dense  districts  only  a  portion  of  streets  are  so 
covered  by  mains. 

Column  (II)  gives  the  maximum  load  per  square  mile  as  ob- 
tained from  the  previous  assumptions. 

Colunm  (III)  shows  one  layout  of  feeders  which  might  be 
representative  of  common  practice  for  an  ordinary  250- v.  three- 
wire  system.  This  is  done  to  arrive  at  the  length  of  mains  to  be 
supplied  from  each  feeding  point,  as  shown  in  column  (VI), 
assuming  conditions  given  in  columns  (IV)  and  (V). 

Column  (VII  A)  gives  maximum  amperes  per  outlet  of 
mains. 
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Column  (VIII  A)  gives  cross-section  of  each  outlet  for  1.6 
per  cent,  regulation,  assuming  its  load  evenly  distributed. 

Column  (IX  A)  gives  the  weight  of  copper  required  for 
mains  as  determined  for  the  above  cross-section. 

In  column  (X  A)  is  given  the  saving  of  copper  which  would 
be  realized  if  a  500- v.  three- wire  system  had  been  used  instead  of 
the  260- V.  three-wire,  for  same  conditions  in  both  instances. 

Column  (XI  A)  reduces  the  copper  saving  to  saving  per 
annum  on  an  assumed  basis  of  cost  of  copper  in  case  of  under- 
ground cables,  which  cost  includes  a  rough  estimate  of  the  cost  of 
insulation  and  lead  sheet.  In  case  of  overhead  lines  this  saving 
should  have  been  about  one-third  less. 

In  columns  (VII  B),  (VI 11  B),  (IX  B),  (X  B),  (XIB)  arc 
given  on  similar  lines  the  calculations  of  savings  for  systems 
operating  motors  from  the  lighting  inains,  assuming  to  maintain 
the  same  regulation  of  1.6  per  cent,  for  the  specified  momentary 
inrush  of  current  due  to  motors  for  each  main.  This  calculation 
is  not  accurate,  but  will  not  materially  offset  the  relative  results 
under  discussion. 

Column  (XII)  gives  an  estimate  of  the  territory  which  can  be 
economically  covered  by  a  low-tension  station,  so  as  to  arrive  at 
the  savings  of  station  investment.  Only  a  few  years  ago,  before 
the  introduction  of  the  rotary  and  inverted  rotary  converters  and. 
composite  d.c.  and  a.c.  generators,  it  would  have  been  impossible 
to  concentrate  in  one  station  the  production  of  current  for  the 
whole  system,  and  therefore,  to  study  the  general  problem  which 
we  have  now  under  discussion,  it  would  have  been  necessary  to 
introduce  the  consideration  of  building  and  operating  separate 
L.  T.  generating  stations  to  cover  a  certain  limited  territory.  This 
is  no  longer  the  case,  as  only  in  comparatively  few  cases  in  the 
lighting  situation  will  it  pay  to  operate  more  than  one  generating 
station,  except  in  the  case  of  very  large  cities  covering  hundreds 
of  square  miles  of  territory.  Under  the  present  conditions  the 
determination  of  the  number  of  distributing  siib-stationsisonlya 
matter  of  balancing  the  cost  of  i..  t.  feeders  and  other  factors  en- 
tering the  cost  of  di^tribution  against  the  extra  cost  at  a  new  sub- 
station and  its  operation.  Under  column  (XII)  is  given  a  rough 
approximation  of  the  square  miles  of  territory  that  could  be 
economically  supplied  by  l.  t.  sub-stations  under  given  conditions 
It  will  be  noticed  that  with  a  500-v.  three-wire  system  a  sub- 
station can  in  each  case  supply  for  same  current  density  in  feeders 
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and  same  regulation  a  territory  four  times  as  large  as  with  a  250-v. 
three-wire  system.  Under  tiiese  conditions,  which  are  approxi- 
mately the  most  economical,  the  amount  of  copper  for  feeders 
will  he  the  ^(une  for  both  systems.  There  will,  therefore,  be  no 
saving  of  copper  for  feeders  in  favor  of  the  500-v.  system. 
While  no  feeder  saving  is  effected  by  the  500-v.  system,  a  large 
saving  will  be  made  by  the  reduction  of  the  number  of  sub- 
stations and  their  operating  expenses,  which  savings  per  annum 
are  estimated  as  given  in  columns  (XIV)  and  (XV). 

The  following  columns  (XVI  A)  and  (XVI  B)  give  the  sura 
of  all  savings,  and  the  last  two  columns  the  same,  prorated  to 
each  K.  w.  hour  delivered  for  specified  commercial  load  factors  : 
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In  these  calculations  we  have  assumed  that  the  station  machinery 
would  have  the  same  unit  cost  per  k.  w.  capacity  in  both  systems. 
The  total  capacity  will  be  the  same  in  both  cases. 

We  have  not  taken  into  account  the  question  of  subway  ducts, 
as  we  have  assumed  the  cost  of  distributing  ducts  to  be  independ- 
ent of  the  size  of  mains.  In  the  case  of  trunk  ducts  for  feeders 
we  have  assuined  to  require  the  same  number  of  duct  feetin  both 
cases.  This  will  not  be  the  case  in  actual  practice,  as  while  with 
the  two  systems  we  liave  the  same  amount  of  copper  to  lay  in 
ducts,  still  in  the  case  of  250-v.  system  this  copper  can  be  better 
distributed  in  large  cables  to  till  up  the  whole  duct  capacity,  wjiile 
in  the  case  of  500-v.  system  the  copper  must  be  distributed  in 
smaller  cables,  which  cannot  be  made  to  utilize  as  fully  the 
capacity  of  the  ducts.  This  fact  would  offset  some  of  the  savings 
for  the  500-v.  system  given  in  the  table. 

In  case  of  overhead  lines  it  has  already  been  noted  that  the 
savings  for  copper  would  be  about  one-third  less  than  given  in 
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the  table.  Furthermore,  in  actual  practice  the  size  of  500-v. 
mains  would  usually  be  selected  with  a  more  liberal  margin  than 
for  the  250-v.  mains.  Therefore,  the  savings  given  in  table 
represent  the  maximum  theoretical  savings  in  favor  of  the 
500-v.  three-wire  system  under  the  specific  conditions  therein 
assumed. 

These  savings  are  greater  in  lightly-loaded  districts,  where  we 
have  already  stated  that,  in  general,  low-efficiency  lamps  are  more 
suitable.  Therefore,  if  the  efficiency  and  life  of  200-250-v.  lamps 
are  practically  the  same  as  for  the  low-voltage  lamps,  the  company 
can  supply  the  same  number  of  lamps  of  the  two  types  per  k.  w. 
capacity  of  station  machinery  and  distributing  feeders  and  mains ; 
the  customer  will  consume  the  same  amount  of  current  for  the 
same  amount  of  light,  and  therefore  the  savings  in  favor  of  the 
500-v.  three-wire  system  given  in  the  previous  table  represent 
actual  net  savings  to  the  company.  If  the  system  has  arc 
lamps  and  motors  connected,  the  saving  per  k.  w.  hour  delivered 
for  those  classes  of  services  will  also  be  net  savings  to  the  com- 
pany. 

It  will  be  found  that  in  general  these  conditions  are  mostly 
common  in  the  out-lying  districts  of  large  cities  and  in  the 
majority  of  small  towns.  In  many  of  these  cases  1  think  that  a 
500-v.  three- wire  system  would  be  entirely  successful  and  present 
economical  advantages.  A  further  advantage  in  these  cases  is  the 
relative  large  saving  in  investment  per  k.  w.  added  in  favor  of 
the  500-v.  system  over  a  250-v.  system.  This  is  shown  in  table 
(II),  obtained  from  the  data  of  the  previous  table. 

The  savings  in  investment  in  lightly-loaded  districts  go  up  in 
the  hundreds  of  dollars  per  k.  w.  load  added,  and  if  the  district  is 
not  expected  to  reach  highef  densities  it  is  clear  that  the  advan- 
tages of  a  500-v.  three-wire  system  are  very  great,  especially  if,  as 
is  often  the  case,  there  is  a  considerable  number  of  small  motors 
for  residence  elevators  and  small  factories  and  shops,  but  not  suffi- 
cient to  warrant  the  installation  of  a  separate  power  circuit  to 
cover  such  a  scattered  territory. 

In  heavier  load  districts  the  savings  are  considerably  smaller, 
and  represent  an  insignificant  proportion  of  the  total  business, 
as  shown  in  table  (I),  comparing  the  total  savings  of  columns 
(XVI  A)  and  (XVI  B)  with  the  total  k.  w.  hours  sold,  as  per 
column  (XVII).  Besides,  in  larger  systems,  it  is  important  to  luje 
the  most  efficient  lamp  which  can  be  commercially  operated,  and 
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this  further  conpideration  exchules  the  use  of  high-voltage  lamps, 
independently  of  any  consideration  of  the  difficulties  and  expenses 
involved  in  the  proposition  of  readjusting  to  the  higher  voltage 
the  existing  station  machinery,  storage  batteries  and  switchboard 
equipments,  and  also  the  customers^  installations  of  arc  lamps, 
motors,  and  a  large  proportion  of  wiring  and  appliances. 

The  500-v.  three- wire  system  has  found  a  special  favor  in 
England,  principally  on  account  of  the  local  practice  of  not  sup- 
plying customers  with  free  renewal  ot  Iam]>8,  which  has  created  a 
condition  where  only  low-efficiency  lamps  could  be  operated  satis- 
factorily.  Few  lamps  in  England,  only  three  or  four  years  ago, 
had  a  higher  efficiency  than  4  w.  p.  i\  Most  lamps  in  use  were 
old  lamps  of  an  efficiency  of  5,  6  or  7  w.  p.  c,  and  in  many  cases 
companies  started  off  with  free  new  250- v.  lamps  at  4  w.  p.  c, 
giving  a  positive  siiving.  The  500-v.  systeni  has  been  adopted  in 
several  places  in  this  country,  among  whicli  the  most  prominent 
instance  is  the  system  of  the  Narragansett  Electric  Light  Com- 
pany, of  Providence.  R.  I.,  operating  a  470-v.  three-wire  system. 
The  experience  of  this  company  has  unquestionably  proved  the 
practicability  of  the  500-v.  three-wire  system  in  small  cities  and 
towns  under  conditions  existing  in  America. 
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Discussion. 

The  Pbesident  : — I  may  state  that  the  paper  of  Mr.  Emmet, 
who  is  not  present  to  read  it,  deals  with  the  methods  devised  to 
combine  the  extreme  simplicity  of  the  single-phase  alternating 
current  system  with  the  efficiency  of  generation  and  distribution 
of  the  polyphase  system,  by  the  use  of  three-phase  generators 
operating  single-phase  lighting  combined  with  three-phase  power, 
either  by  having  a  four-wire  primary  distribution  with  single- 
phase  secondary  circuits  as  outlined  by  Mr.  Ferguson,  or 
by  operating  a  three-wire  single-phase  secondary,  utilizing  a 
fourth  wire  for  motor  supply.  Mr.  Emmet's  paper  also  discusses 
the  four-wire  balanced  three-phase  secondary  system  of  dis- 
tribution. 

The  paper  of  Mr.  Robb,  who  is  also  absent,  describes  the 
means  for  distribution  of  electricity  in  cities  of  moderate  size, 
and  comes  to  the  conclusion  that  for  smaller  cities  the  most  de- 
sirable system  is  the  three-phase,  sixty-cycle  alternating  current 
system  with  overhead  distribution,  using  single -phase  secondary 
and  four-wire  primaries,  and  operating  single-phase  lighting  and 
power  in  small  motors,  while  larger  motors  are  operated  on  the 
three-phase  system. 

In  somewhat  larger  cities,  but  still  of  moderate  size,  Mr.  Robb 
recommends  the  introduction  of  a  central  continuous  current  dis- 
tribution by  underground  three-wire  mains,  fed  from  the  alter- 
nating system  by  rotary  converters  or  other  suitrtble  means. 

It  IS  very  interesting  to  note,  in  comparing  this  paper  of  Mr. 
Robb's  with  Mr.  Ferguson's  paper,  that  while  starting  from  two 
opposite  directions— on  the  one  side,  from  the  supply  of  a  very 
large  city  by  continuous  currents,  three- wire  underground  mains, 
gradually  reaching  out  to  the  supplemental  alternating  current, 
sixty-cycle  system,  and  on  the  other  side  by  supplying  a  small 
city  with  alternating  current,  and  gradually  adding  for  the  con- 
centrated central  district  a  continuous  current  distribution — the 
ways  and  means  and  the  systems  recommended  by  both  authors 
are  identically  the  same ;  the  same  four-wire,  sixty-cycle,  throe- 
phase  primary  distribution,  with  single  phase  secondaries  for 
the  alternating  part  and  the  three-wire  underground  continuous 
current  system  for  the  continuous  current  part.  The  only  diflFer- 
ence  is  that  due  to  the  diflFerence  in  the  relative  proportions 
of  the  two  parts,  the  continuous  current  preponderating  by  far 
in  the  large  cities,  while  the  alternating  current  is  the  only 
system  used  in  the  very  small  cities,  or  the  preponderating 
system  in  a  moderate  sized  city.  In  moderate  sized  citiea 
the  continuous  current  system  is  operated  from  the  sixty- 
cycle  alternating  system  by  converters  or  other  appliances, 
while  in  the  very  large  cities  the  alternating  current  system  is 
operated  from  the  continuous  current  system  by  converters  ;  or 
both  systems  operated  together  from  the  same  primary  gener- 
ating system  of  low  frequency — ^twenty-five  cycles.     As  I  said 


Digitized  by  VjOOQIC 


870  LIQBT  AKD  POWER  DISTRIBtlTtON,  [Nov.  8d 

before,  this  is  the  more  encouraging,  as  it  shows  that  electrical 
distribution  has  reached  a  definite  standard,  since  prominent 
electrical  engineers,  starting  from  oppositely  different  points, 
arrive  at  the  same  result. 

Mr.  Gano  S.  Dunn:— Mr.  Chairman  and  gentlemen,  I  have  lis- 
tened with  intersest  to  the  papers  which  have  been  read,  and 
while  I  do  not  wish  to  be  controversial,  I  cannot  agree  with  some 
of  the  views  expressed  by  Mr.  Scott,  and  I  have  therefore 
selected  two  points  in  his  paper  upon  which  I  wish  to  speak.  I 
have  also  a  lantern  slide,  which  I  wish  to  show  if  time  permits : 

On  page  845  of  Mr.  Scott's  paper  he  says : — 

"  For  variable  speed  work  the  conditions  are  different,  the 
fundamental  difference  is  due  to  the  fact  that  although  there 
is  a  close  correspondence  between  the  performance  of  the  induc- 
tion motor  and  the  direct  current  shunt  motor  with  constant  field 
excitation,  the  alternating  current  motor  does  not  have  an  exact 
analogue   to  the  direct  current  series  motor." 

This  implies  that  the  induction  motor  is  to  a  large  degree  an 
analogue  to  the  shunt  motor.  The  analogy  is  much  more  limited 
than  18  usually  supposed,  and  I  wish  to  point  out  its  imperfection. 

In  the  first  place,  as  Mr.  Scott  has  stated,  the  analogy  is 
limited  to  a  machine,  with  constant  field  excitation.  By 
that  limitation  he  rules  out  one  of  the  principal  advantages  of 
the  shunt  machine  which  is  that  you  can  control  its  speed  by  con- 
trolling its  field.  To  this  there  is  no  analogue  in  the  induction 
motor. 

The  second  point  by  which  the  induction  motor  is  not  analo- 
gous to  the  shunt  motor  is  that  you  can  control  the  speed  of  a 
shunt  motor  by  controlling  the  voltage  on  its  armature.  But 
you  cannot  in  anywise  do  this  with  the  induction  motor. 

The  matter  of  speed  control,  far  from  being  insignificant, 
is  a  very  important  element  in  the  constitution  of  power  plants 
to-day,  and  because  in  the  past  we  have  been  accustomed  to 
fixed  speed,  we  must  not  think  that  in  the  future  we  shall  be  con- 
tented with  it  where  we  can  have  motors  that  will  give  us  through- 
out wide  ranges,  speeds  controlled  with  perfect  efficiency  and 
stability.  Multiple  voltage  systems  are  rapidly  coming  into  use 
and  only  direct  current  motors  can  be  operated  with  success  on 
them. 

A  system  that  has  four  wires,  by  different  combinations  of  them 
can  give  about  six  speeds,  and  by  variations  of  field  strength  or  a 
small  amount  of  armature  resistance  can  be  made  to  give  easily 
twelve  or  more  speeds,  all  with  practical  efficiency  and  stability. 

Further  up  on  the  same  page  Mr.  Scott  says  : 

"  For  constant  speed  work  probably  no  one  will  question  the 
superiority  of  the  alternating  current  motor  from  the  standpoint 
of  the  man  who  uses  the  motor  and  pays  for  repairs.  Any  ob- 
jections which  may  be  brought  forward  will  probably  be  urged 
on  account  of  reasons  applying  to   the  supply  system  such  as 
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power  factor,  starting  current  and  voltage  regulation.  These 
items  may  be  provided  for  by  properly  designing  the  system,  and 
they  cannot  be  regarded  as  legitimate  objections  to  the  use  of 
the  alternating  current  motor." 

With  the  last  statement  I  differ,  because  if  you  properly  de- 
sign the  system  as  he  suggests,  the  cost  of  it  runs  away  up  out 
of  proportion  to  what  you  are  going  to  use  it  for,  and  no  matter 
what  has  caused  it,  the  high  cost,  if  it  is  accompanying  the  use 
of  the  motor,  might  as  well  be  charged  to  the  motor. 

I  have  a  lantern  slide  here  which  was  not  prepared  for  this  dis- 
cussion but  Vhich  shows  the  relative  performance  of  constant 
speed  motors,  induction  and  direct  current,  and  if  1  have  time  I 
snould  like  to  show  it. 

(Slide  showing  curves  exhibited.     See  page  872.) 

The  three  sets  of  curves  show  the  performance  of  the  motors 
with  respect  to  running  current,  efficiency  and  speed.  .The  ab- 
scissae are  torques  expressed  in  percentage  of  full  load  running 
torques,  and  the  heavy  line  at  100  per  cent,  represents  normal 
full  load  for  all  the  motors.  The  ordinates  are  current,  efficiency 
and  speed,  also  expressed  in  percentages,  for  comparison. 

The  speed  and  current  tests  of  the  direct  current  motors  were 
made  by  applying  a  Prony  brake  to  the  motor  running  free  and 
gradually  tightening  it  until  the  motor  stalled. 

You  will  note  that  at  full  load  the  running  current  of  the  in- 
duction motor  is  about  10  per  cent,  greater  than  that  of  the  direct 
current  motors.  The  starting  current  for  the  induction  motor  is 
at  the  mark  "x,"  and  is  nearly  twice  as  much  as  required  to 
give  the  same  torque  in  the  direct  current  motors.  The 
efficiencies  of  all  the  motors  are  about  the  same  up  to  two-thirds 
load,  after  which  the  induction  motor  efficiency  falls  off  very 
rapidly  while  the  direct  current  motor  efficiencies  are  tolerably 
well  maintained.  The  speed  curves,  which  originate  in  the  up- 
per left  hand  corner,  show  that  at  full  load  the  shunt  motor  falls 
off  about  4i  per  cent.,  the  induction  motor  about  (>  per  cent,  and 
the  compound  motor  about  7i  per  cent.  At  2.6  times  normal 
torque,  the  induction  motor,  however,  stalls,  while  both  of  the 
direct  current  machines  continue  to  run,  the  shunt  motor  until 
its  torque  reaches  6.4  times  normal  torque  and  the  compound 
motor  10.8  times  normal  torque.  In  the  middle  ranges  oi  these 
speed  curves  of  the  direct  current  motors  there  was  sparking,  but 
beyond  the  middle,  at  the  points  of  severest  overloads,  the  spark- 
ing almost  disappeared,  because  the  speeds  were  so  low  that  the 
commutation  reactance  was  greatly  reduced.  The  sparking  that 
was  present  in  the  middle  ranges  was  not  such  as  would  injure 
the  commutator  unless  the  severe  overloads  were  maintained. 

It  might  be  argued  that  the  compound  motor  does  not  belong 
in  this  comparison  because  it  is  not  a  constant  speed  motor.  I 
submit,  however,  that  a  motor  whose  regulation  is  7^  per  cent. 
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ought  to  come  under  this  category,  especially  as  its  use  for  con- 
stant speed  work*  is  rapidly  increasing. 

It  may  also  be  argued  that  the  region  of  these  curves  beyond 
2.6  times  normal  torcj^ue,  does  not  indicate  useful  properties  in 
the  motors.  This  position  cannot  be  maintained.  In  steel  mills 
and  similar  factories,  the  overloads  are  frequent  and  very  severe, 
and  it  is  just  the  region  of  the  curves  in  question  that  causes 
direct  current  motors  to  be  appreciated  for  this  service.  For  in- 
duction motors  to  give  equivalent  service,  much  larger  sizes 
would  have  to  be  installed,  which  together  with  the  fact  that  the 
cost  per  horse  power  is  greater,  would  make  the  cost  of  installa- 
tion very  much  greater. 

It  has  been  shown  by  other  speakers  that  this  extended  region 
of  the  curves  is  what  has  thrown  the  elevator  business  into  direct 
current,  and  in  my  opinion  it  is  this  region  which  has  exerted  a 
controlling  effect  in  other  ways  upon  the  development  of  the  two 
systems  of  distribution. 

When  you  sum  up,  it  seems  to  me  you  reach  this  point;  the 
direct  current  motor  may  require  a  little  closer  attention,  but  it 
is  a  great  deal  cheaper  and  can  do  a  great  deal  more. 

Mr.  Louis  A.  Ferguson  : — In  listening,  Mr.  President  and 
gentlemen,  to  Mr.  Scott's  paper,  there  were  a  few  things  that 
rather  surprised  me  and  I  feel  as  if  I  might  take  exception  to 
some  of  his  statements. 

On  page  843  under  the  heading  (1)  he  says  that — 

"Converting  apparatus  requires  rotating  machinery  and  the 
presence  of  attendants,  and  these  involve  first  cost,  operating 
expense,  complication,  and  liability  to  interruption  of  service." 

I  would  like  to  say  in  regard  to  that,  that  from  our  experience 
the  operating  expense  of  sub-stations  is  a  mere  bagatelle,  and 
while  1  have  not  the  figures  at  hand  with  me,  I  might  say  that 
the  operation  is  usually  accomplished  by  one  man  and  runs  only 
into  the  hundredths  of  a  cent  per  kilowatt  hour,  so  it  cannot 
be  a  very  serious  objection. 

On  page  844  the  question  of  arc  lighting  is  mentioned,  and 
he  SHys  there  that — 

"  Arc  lighting  is  most  extensively  carried  on  by  the  enclosed 
arc  lamp,  which  is  satisfactorily  operated  from  direct  current 
circuits  and  also  from  sixty-cy(*.le  alternating  circuits,  so  that 
there  is  no  compelling  reason  lor  choosing  either  one  current  or 
the  other  as  far  as  arc  lamps  are  concerned." 

My  objection  to  that  is  only  slight.  Of  course,  the  power 
factor  of  alternating  arc  lamps  is  about  seventy  or  seventy-five 

f)er  cent.,  and  the  inside  wiring  reauired  for  alternating  current 
amps  is  greater  than  that  requirea  for  direct  current.  Where 
alternating  current  lamps  are  put  in  substitution  for  the  direct 
current  lamps,  it  is  found  necessary  to  increase  the  size  of  the 
wiring. 

He  says :  "  The  Nernst  lamp,  which  is  quite  satisfactory  in  its 
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operation  on  alternating  current,  but  not  on  direct  current,  gives 
a  positive  reason  for  choosing  the  former." 

It  seems  to  me  that  if  the  same  amount  of  brains  and  energy 
were  expended  in  developing  the  N^ernst  lamp  for  direct  current 
work  as  have  been  expended  for  the  alternating  current, 
we  might  have  a  better  Nernst  lamp  for  direct  current  work, 
and  I  think  that  is  something  we  may  look  for  in  the  future. 

Those  two  items  that  Mr.  Dunn  spoke  of  were  things  that  I 
intended  to  speak  about,  so  that  I  will  only  mention  them. 
That  is,  on  page  845  he  says : 

"  These  items  may  be  provided  for  by  properly  designing  the 
system,  and  they  cannot  -1)6  regarded  as  legitimate  objections  to 
the  use  of  the  alternating  current  motor." 

In  order  to  accomplish  the  same  results  with  alternating  cur- 
rent motors  that  we  do  with  direct  current,  it  is  necessary  to 
spend  a  great  deal  of  money  on  the  distribution  system,  and  if  I 
am  correctly  informed,  most  of  the  companies  that  do  any  con- 
siderable business  in  alternating  current  motor  work  use  separate 
systems  of  distribution  circuits  for  lighting  and  for  power,  and  I 
think  that  is  done  in  New  York. 

In  regard  to  the  matter  of  variable  speed  work,  which  was 
very  well  brought  out  by  Mr.  Dunn,  I  had  in  mind  speaking  of 
the  multiple  voltage  system,  which  he  mentioned. 

Regarding  the  quej^tioi:  of  elevatoi-SjI  would  like  to  emphasize 
the  fact  that  we  have  not  at  the  present  time,  and  there  does  not 
seem  to  be  much  hope  of  having  in  the  future,  alternating  cur- 
rent elevators  that  are  at  all  coiuparablu  with  the  direct-current 
elevator.  I  personally  would  be  very  glad  to  see  them,  because 
we  need  a  tirst-class  alternating  current  elevator,  but  it  simply  is 
not  to  be  had.  The  primary  reason  for  it  is  that  you  cannot  get 
a  variable  speed  alternating-current  motor.  The  stopping  of 
alternating-current  elevators  is  exceedingly  poor,  and  is  due  to 
the  fact  that  it  must  be  accomplished  by  means  of  the 
mechanical  brake  after  the  current  is  cut  off,  and  of  course 
therefore  it  is  very  rough,  indeed.  It  is  very  dij£cult  some- 
times to  convince  customers  that  they  should  put  in  alternating  cur- 
rent elevators,  and,  instead  of  doing  so,  they  install  hydraulic  eleva- 
tors. The  rotating  parts  of  the  alternating  current  motor  are 
also  heavier  than  the  direct-current  rotating  parts,  and  this  of 
course  adds  to  the  difficulty  in  making  good  stops.  The  starting 
of  the  elevators  is  also  poor.  The  very  tact  that  you  have  to  stop 
the  alternating  current  elevator  by  means  of  the  brake  limits 
Its  speed,  so  that  at  the  present  time  we  are  only  able 
to  have  elevators  run  at  about  150  or  160  feet  a  minute,  although 
some  people  say  that  there  is  a  possibility  in  the  future  of  getting 
them  up  to  250  feet  a  minute  ;  but  the  experts  in  elevator  prac- 
ticfe  tell  me  that  there  is  no  hope  of  an  alternating  current  elevator 
which  will  do  for  one  of  your  sixteen  or  twenty  story  buildings 
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in  the  City  of  New  York,  and  that  is  the  service  the  central 
station  company  must  supply. 

In  the  table  on  page  846,  where  there  is  given  a  list  of  the 
things  that  you  have  to  use  with  alternating  currents  only  and 
with  alternating  and  direct  current,  it  seems  to  me  the  compari- 
son is  not  quite  fair.  It  would  appear  that  in  a  large  city,  as 
I  have  stated  in  my  paper,  it  is  necessary,  in  order  to  cover  the 
entire  city,  on  account  of  its  extensive  area,  to  use  a  high  voltage 
— a  higher  voltage  than  would  be  admissible  for  ordinary  dis- 
tribution; and  if  that  is  the  case,  you  will  require  more  apparatus 
than  is  specified  under  the  heading  of  alternating  current  only. 
I  have  just  roughed  out  here  a  little  table  which  shows  that  as 
against  rotary  converters,  you  have  primary  mains,  transformers 
and  housing  switchboards  and  a  double  system  of  distributing 
circuits,  so  tnat  you  have  quite  as  much  apparatus  in  order  to  fill 
the  same  specifications  for  general  service  with  the  alternating 
current  in  a  large  city — and  1  am  not  speaking  of  a  small  city — 
as  you  do  with  the  direct-current. 

The  question  of  storage- battery  has  been  brought  up  by  Mr. 
Scott,  and  in  his  paper  he  states  that  the  storage-battery  may  be 
used  in  substantially  the  same  way  with  alternating  current  that 
it  is  usually  used  with  the  direct-current  system,  except  that  the 
converter  is  between  the  battery  and  the  service.  I  do  not  think 
that  is  quite  so,  because,  as  1  have  said  in  my  paper,  the  great 
value  of  a  storage  battery  is  in  its  action  as  the  watchdog,  of  the 
company's  service ;  its  liability  to  jump  into  the  breach  without 
any  notice  whatsoever.  It  must  always  be  there  ready  to  do  its 
work.  In  order  to  accomplish  this  with  the  alternating  current, 
and  by  means  of  a  rotary  converter,  you  must  keep  tue  rotary 
converter  running  twenty-four  hours  a  day  in  order  to  be  able  to 
discharge  the  battery  into  the  alternating  current  system,  and  fur- 
ther than  that,  if  you  wish  to  discharge  the  maximum  capacity 
of  the  battery — and  that  is  what  we  buy  batteries  for ;  we  do  not 
buy  them  to  discharge  over  a  load  four  or  five  hours  wide,  but  over 
a  peak — if  you  are  going  to  discharge  it  over  a  peak,  your 
rotary  that  Mr.  Scott  speaks  about  must  be  as  large  in  capacity 
as  your  storage-battery,  which,  of  course,  means  that  the  invest- 
ment will  be  something  enormous. 

In  summing  up,  I  would  simply  say  that  there  is  an  old  prov- 
erb that  "  the  proof  of  the  pudding  is  in  the  eating,"  and  if  you 
will  glance  over  the  United  States  you  will  find  that  the  success- 
ful companies,  those  that  have  grown  to  large  proportions  and 
have  paid  dividends,  are  those  that  have  operated  the  direct  cur- 
rent in  the  downtown  districts,  and  it  seems  to  me  that  that  is 
the  best  argument  that  anybody  could  offer  in  favor  of  using  the 
direct  current  in  that  portion  of  the  city. 

Mr.  Arthur  Williams  : — In  addition  to  the  larger  cost  re- 
quired for  wiring  for  the  alternating  current  arc  lamp,  suggested 
by  Mr.  Ferguson,  it  might  be  mentioned  that  tests  made  under 
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acceptable  authority  have  indicated  that  the  alternating  are-lamp 
is  not  as  efficient,  in  useful  light  givjng,  as  the  direct  current 
lami). 

Tnere  is  a  very  unexpected  statement  also  in  Mr.  Scott's  paper 
in  regard  to  the  Nernst  lamp— to  the  effect  that  the  best  results 
are  to  be  obtained  only  from  the  use  of  the  alternating  current. 
I  think  the  greatest  development  of  the  Nernst  lamp,  the  Ger- 
man, has  been  entirely  with  the  direct-current,  and  with  an 
efficiency  at  least  equal,  in  other  respects  than  life,  to  the  effi- 
ciency obtained  on  the  alternating  current  lines  from  the  West- 
inghouse  lamp  made  in  this  country.  The  first  commercial 
installation  in  New  York  was  made  in  an  establishment  to  the 
owner  of  which  was  demonstrated  the  superior  economy  and 
quality  of  the  light  given  by  the  Nernst  lamp  by  the  adaptation 
of  a  Westinghouse  Nernst  lamp  to  and  its  supply  from  a  direct- 
current  circuit. 

it  occurs  to  me,  in  addition  to  what  Mr.  Ferguson  has  said,  that 
the  storage  battery  supplied  by  an  alternating  current  cannot  be 
used  as  a  floating  regulator  on  the  system.  Then,  too,  1  think 
we  should  consider  the  great  value  of  the  storage  battery  in  auto- 
mobiling.  Apart  from  the  fad  of  racing  and  touring,  both  of 
which  are  mere  pastimes,  the  future  of  automobiling  undoubt- 
edly lies  with  the  development  of  a  suitable  electrical  machine. 
Already  this  service  is  becoming  of  great  commercial  importance 
in  the  larger  cities. 

The  importance  of  elevator  service  to  the  large  supplying  com- 
panies cannot  be  overestimated.  In  New  York  Citv  there  are 
about  thirty  thousand  horse-power  in  motors  applied  to  electric 
elevators.  An  elevator  in  an  apartcneut  house — asmgle  class — not 
only  raises  the  character  of  the  house,  but  very  largely  2Ad%  to 
the  lighting  revenue  of  the  supplying  company.  The  tendency 
in  putting  m  ele;;tric  elevators  is  to  wire  the  building  throughout 
for  electric  light,  and  to  add  two  or  three  floors,  which  also, 
equipped  for  electric  light,  become  new  territory  for  the  supply 
company.  The  electric  elevator  also  is  oftentimes  a  deciding 
factor  when  the  question  of  isolated  plant  competition  is  in- 
volved. 

Compared  with  the  direct-current  elevator  the  first  cost  of  the 
alternating  current  elevator  is  higher :  the  accelerating  curreqtis 
from  two  to  three  times  as  ^reat ;  the  speed  is  limited  to  a  maxi- 
mum of  about  150  feet  a  minute;  it  takes  a  great  deal  of  time  to 
acquire  speed — sometimes  the  car  will  pass  the  second  floor  before 
reaching  full  speed  ;  it  lacks  the  safety  feature  of  the  solenoid 
brake ;  it  does  not  stop  w^ith  the  same  precision  ;  it  is  very  noisy, 
and  the  operating  cost  is  probably  double. 

Thus  I  have  given  eight  points  of  inferiority ;  to  ray  regret, 
because  our  interests  would  be  glad  to  have  and  have  long  hoped 
to  find  an  alternating  current  elevator  in  every  respect  equal  to 
that  of  the  direct  current. 
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A  Member  : — Doubtless  in  this  discussion  Mr.  Scott  will  he 
amply  able  to  look  after  himself,  but  there  are  two  matters  I  wish 
to  refer  to  which  appear  to  me  not  altogether  detrimental  to  the 
use  of  the  alternating  current.  One  is  the  matter  of  electric  ele- 
vators. I  am  not  fullv  satistied  in  my  own  mind  that  electric 
elevators  in  themselves  are  the  thing,  and  I  do  not  see  why  a  hy- 
draulic elevator  operated  by  a  pump  driven  from  an  alternating 
current  motor  is  not  a  pretty  good  thing  in  a  way. 

In  regard  to  the  rotary  converter  which  Mr.  Scott  speaks  of  as 
an  added  complication,  I  do  not  see  that  it  is  an  addea  complica- 
tion, for  the  very  goiid  reason  that  the  use  of  storage  batteries 
always  requires  the  use  of  a  "  booster,"  even  when  the  current  ir 
direct,  and  I  do  not  know  of  any  place  or  any  instarice  except  in 
railway  service  where  a  battery  can  he  floated  directly  acrops  the 
lines  and  take  in  current  and  give  it  out  at  a  constant  potential 
which  would  do  for  lighting.  To  do  that  we  would  have  a  battery 
with  absolutely  no  internal  resistance,  and  it  appears  to  me  that 
that  rOtaiy  converter  woujd  he  merely  a  substitution  f»»r  the 
booster,  and,  aside  from  the  instnhility  that  might  be  created,  I 
think  cm  the  rotary  that  would  be  no  objection. 

Pbesident  Steinmetz  : — Regarding  the  much-mooted  question 
of  alternating  and  continuous  current  distribution,  I  desire  to 
say  a  few  words.  Whatever  I  say,  however,  applies  only  to 
densely  populated  districts,  because,  in  sparsely  settled  districts, 
as  the  outlj'ing  suburbs  of  large  cities,  and  the  small  cities,  the 
comparison  becomes  meaningless,  since  the  continuous  current  is 
excluded  to  begin  with,  and  only  alternating  current  can  be  used. 

Regarding  the  question  of  the  arc  lamp  brought  up,  the  sup- 
posed superiority  of  the  continuous  current  arc  in  efHciency  has 
been  very  severely  chiallenged  in  the  last  few  years,  and  I  believe 
rightly,  from  the  point  of  view  of  illumination.  While  the  total 
flux  of  light  of  the  contijiuous  current  arc  is  greater  than  that  of 
an  alternating  enclosed  arc — I  mean  in  either  case  of  equal 
power  consumption — the  distribution  of  the  light  of  the  alter- 
nating  arc  is  such  that  with  the  same  power  consumed  in  the  arc 
and  the  same  distance  between  the  arc  lamps  the  minimum  in- 
tensity of  illumination  midway  between  the  arc  lamps  is  higher 
than  with  the  continuous  current  arc,  although  the  maximum  in- 
tensity is  considerably  lower.  What  determines  the  usefulness 
of  a  lighting  system  is  not  the  maximum  but  the  minimum  in- 
tensity of  illumination,  and  in  addition  thereto  the  more  uniform 
the  intensity  is  throughout  the  illuminated  area  the  better  is  the 
illnminant. 

Coming  to  the  matter  of  the  comparison  of  alternating  and 
continuous  current  in  densely  populated  districts,  here  it  is  true 
the  alternating  current  system  appears  the  simpler,  requiring  no 
intermediary  converting  apparatus,  while  the  continuous  current 
system  requires  a  rotary  converter  where  the  power  is  supplied 
from  a  large  central  station  system.     This  apparently  is  a  disad- 
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vantage  of  continuous  current  distribution,  since  the  problem  of 
successful  and  proper  engineering  is  primarily  to  reduce  the  num- 
ber of  complications  to  the  least  amount.  At  the  same  time, 
where  complications  are  unavoidable,  it  is  desirable  to  concen- 
trate the  complications  in  the  station  and  sub-station ;  that  is,  to 
confine  them  to  as  few  ^ints  as  possible  where  the  apparatus  and 
the  system  can  be  properly  taken  care  of.  Now,  what  I  desire 
to  state  is,  that  whatever  additional  complication  is  introduced  in 
the  continaoua  current  system  by  the  rotary  converter  is  more 
than  made  up  by  the  complication  and  the  difficulties  incident  to 
the  alternating  system  at  the  place  where  they  cannot  be  con- 
trolled i.  r?.,  in  the  house-wirina:  and  secondary  distribution. 

The  supply  wiring  and  installation  in  the  continuous  current 
system  is  as  simple  as  possible — as  simple  as  gas  or  water  supply. 
All  that  is  necessary  is  from  the  mains  or  from  the  station  to 
maintain  the  resistance  below  a  certain  value  in  correspondence 
to  the  load ;  that  is,  to  know  the  load  or  approximate  load,  and 
then  know  the  length  of  conductor,  and  therefrom  the  size  of 
the  conductor,  and  any  wireman  can  easily  learn  that  without 
any  special  intelligence.  Different  it  is  with  the  alternating  cur- 
rent system.  Here  it  is  not  sufficient  to  know  simply  the  length 
and  size  of  conductor,  but  in  addition,  you  must  not  run  the 
conductor  through  an  iron  pipe  ;  you  must  not  run  conductors 
beyond  a  certain  size,  or  you  get  an  additional  drop  of  voltage 
by  self  induction  :  you  must  not  run  the  conductor  and  the 
return  conductor  too  far  apart ;  you  must  not  run  them  close 
along  an  iron  beam  or  through  a  hole  in  an  iron  beam  ;  in  short, 
you  must  not  do  a  number  of  things  which  are  harmless  in  a 
continuous  current  installation,  and  while  all  this  is  self-evident 
to  an  engineer  understanding  alternating  currents,  it  is  utterly 
hopeless  to  expect  a  wireman  to  understand  it,  and  if  a  wire- 
man  has  intelligence  and  capacity  enough  to  learn  it,  then  he 
will  not  stay  a  wireman  very  long,  but  will  aspire  to  a  higher 
sphere. 

This  is  what  I  consider  the  most  serious  objection  to  the  low 
tension  alternating  current  distribution  of  large  magnitude,  and 
this  additional  complication,  the  necessity  of  care  and  attention,  1 
consider  as  more  than  compensating  for  the  absence  of  the  com- 
plication of  the  rotary  converter  which,  after  all,  is  not  so  very 
serious. 

Mr.  Douolass  Burnett  : — A  previous  speaker  has  suggested 
the  desirability  of  employing  hydraulic  elevators  driven  by  al- 
ternating current  motors  1  think  that  this  suggestion  ma}-  be 
dismissed  as  the  electric  motor  driven  type  of  hydraulic  elevator 
has  already  proven  itself  impracticable  for  any  service  except  the 
most  intermittent.  There  are  probably  not  more  than  half  a  dozen 
such  machines  in  New  York  in  business  or  apartment  buildings, 
and  we  know  of  two  which  were  rej  laced  owing  to  the  high  cost 
of  operation.      In  practice  they  are  used  chiefly  for  office  build- 
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ings  employing  central  station  electric  service  at  night  and  steam- 
driven  hydraulic  elevators  in  the  day  time.  The  comparison  may 
be  stated  on  the  basis  of  current  consumption,  which  would  be, 
for  standard  direct-driven  electric  elevators  from  two  to  four 
kilowatt  hours  per  car  mile;  and  for  motor-driven  hydraulic  ele- 
vators from  three  to  nine  kilowatt  hours  per  car  mile.  The  %- 
ures  apply  to  direct  current  apparatus  and  could  be  no  less  with 
alternating  current. machines. 

Mr.  Louis  A.  Ferguson  : — I  would  just  like  to  correct  an  im- 
pression in  regard  to  the  matter  of  rotary  converters  in  connec- 
tion with  the  storage-battery.  The  point  that  I  wished  to  make  was 
not  an  objection  to  using  a  rotary  converter  for  the  purpose  of 
charging  a  storage  battery  for  an  alternating  current  system,  al- 
though a  booster  would  still  be  required,  but  to  show  that  if  the 
rotary  converter  were  used  in  discharging  the  storage-battery  for 
the  purpose  for  which  the  storage- battery  is  ordinarily  employed  in 
direct-current  systems,  it  would  be  necessary  that  the  rotary  con 
verter  should  be  as  large  in  capacity  as  the  storage  battery  would 
be  at  its  one-hour  rate  of  discharge. 

I  would  also  like  to  say  for  the  gentleman  who  spoke  that  the 
direct  current  companies  all  over  the  country,  or  at  least  the  com- 
panies operating  direct  current  either  in  a  portion  or  in  their  eji- 
tire  system,  a^e  keeping  the  batteries  floating  on  the  system,  and 
do  so  by  means  of  end  cells  which  keep  the  potential  of  the  bat- 
tery the  same  as  the  potential  of  the  system  at  all  times. 

A  Member  : — I  would  like  to  ask  Mr.  Ferguson  how  he  charges 
the  battery  and  the  end  cells. 

Mb.  Ferguson: — The  battery  may  either  be  charged  by  a 
booster  or  directly  from  generators,  or  by  the  rotary  converter 
and  booster  from  an  alternating  current  system. 

Mr.  Frederick  V.  Henshaw  : — The  question  we  are  discuss- 
ing this  evening  is  as  to  the  best  methods  of  distributing  power 
for  large  cities  or  small  cities,  for  that  matter,  and   the  primary . 
object  is  to  secure  the  business  of  the  city  and  secure  it  all,  and 
distribute  the  power  as  cheaply  as  possible. 

In  examining  various  central  station  plants  in  this  country  a 
curious  thing  will  be  noticed.  There  are  some  cities  where  the 
central  station  has  practically  all  the  bupiness;  where  you  have 
to  hunt  around  to  find  an  isolated  plant.  There  are  other  cities 
where  practically  every  large  building  has  its  isolated  plant.  Mr. 
Ferguson  has  pointed  out  that  in  Chicago  the  electric  elevator 
business  is  twelve  and  a  half  per  cent,  of  the  total,  and  that  the 
electric  elevator,  which,  off-hand,  seems  a  small  unit,  will,  if  we 
examine  into  it,  1  think,  turn  out  to  be  a  very  large  unit,  because 
if  you  are  going  to  supply  a  large  otfice  building  from  a  central 
station,  one  of  the  things  you  have  to  do  is  to  supply  it  with 
electric  power  for  its  elevators  unless  it  has  hydraulic  elevators. 

As  far  as  the  electric  elevator  goes,  there  is  no  difficulty  in 
making  a  direct  current  elevator  motor  which  will  start  in  four 
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or  five  seconds  from  rest,  and  accelerate  to  full  speed  without  taking 
any  more  current  than  the  normal  full  load  running  current. 
This,  there  does  not  seem  to  be  any  present  prospect  of  accomp- 
lishing with  alternating  current  motors. 

Another  point  that  occurs  to  one,  in  connection  with  this 
difference  between  the  amount  of  business  secured  bj  central 
stations  is  that  the  city  where  the  central  station  supplies  nearly 
all  the  energy  used  in  electric  lighting  and  power  would  seem  on 
the  face  of  it  to  have  the  best  system,  but  when  we  look  into  it 
we  do  not  find  that  they  have  this  ideal  single  alternating  cur 
rent  distribution.  The  most  marked  instances,  I  think,  are 
Chicago,  Boston  and  Providence.  Every  one  of  them  distribute 
their  power  by  means  of  the  direct  current.  That,  of  course,  is 
not  at  all  a  conclusive  argument,  but  it  is  one  which  is  drawn 
from  practice,  and  is  apparently  an  indication  of  the  desirability 
of  direct  current  for  power  disrril)ution. 

Mr.  John  W,  Lieb,  Jr.: — Mr.  President  and  gentlemen: 
From  the  drift  of  the  remarks  this  evening,  we  seem  to  be  in 
full  sail  on  the  sea  of  the  old  discussion  of  alternating  current 
versus  direct  current  distribution.  I  think  that  if  the  members 
whose  opinions  favor  one  side  or  the  other  of  this  problem,  will 
lo(»k  at  it  in  all  its  phases  and  state  the  pros  and  cons  with  entire 
frankness,  the  result  will  be  the  clearing  away  of  a  good  many 
misconceptions,  and  perhaps  the  final  conclusion  will  admit  the 
lack  of  universality  of  either  system,  and  that  it  would  be  haz- 
ardous, indeed,  to  undertake  a  pronouncement  in  favor  of  either 
on  purely  general  lines.  The  local  conditions  will  have  to  be 
most  carefully  considered  in  each  case  before  deciding  which 
system  is  to  be  preferred. 

I  do  not  wish,  in  this  disf^ussion,  to  say  nmch  on  one  side  of 
the  question  or  the  other,  but  the  argument  has  been  developed 
rather  along  the  lines  of  problems  of  large  cities  with  very  dense 
and  important  industrial  centres,  than  of  smaller  cities.  It  is  un- 
questionably true  that,  in  these  large  cities,  with  dense  industrial 
and  business  centres,  the  isolated  plant  is  one  of  the  mo^^t 
important  and  serious  problems  with  which  the  central 
station  manager  is  concerned,  and  it  is  aUo  true  that  the 
electric  elevator  is  the  key  to  the  acquisition  of  a  strong  position 
in  me3ting  their  competition.  While  elevator  service,  in  itself, 
may  not  seem  to  be  an  important  source  of  revenue,  the  satisfac- 
tory and  economical  operating  of  electric  elevators  is  of  great 
importance  in  meeting  and  overcoming  isolated  plant  competition. 

I  will  just  add  one  word  as  a  partijig  statement.  Mr.  Scott 
has  drawn  a  very  interesting  picture  of  the  recent  electrical  de- 
velopment in  Greater  New  York,  and  he  states  it  demonstrates 
the  various  problems  on  a  magnificent  scale.  He  might  have 
added  just  a  few  words  to  complete  the  picture  he  has  drawn. 
He  is  depicting  the  conditions  in  greater  New  York,  and  he 
goes  on  to  tell  us  that  it  is  notable  that  all  of  this  varied  service 
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is  to  be  supplied  from  alternating  current  generators.  I  think 
he  might  add,  in  concluBion,  that  almost  all  of  the  distribution  is 
by  direct  current. 

Mr.  Abthur  Williams  : — May  I  ask  just  one  question  further 
in  regard  to  the  future  ?  I  think  it  is  unquestionably  true  that 
the  great  future  power  development  will  be  on  the  lines  of  direct 
application  of  motors  to  machines;  for  instance,  to  printing  presses, 
to  lathes,  and  to  machines  of  all  sorts,  as  well  as  to  elevators,  all 
of  which  require  minute  and  flexible  regulation,  and  I  would  ask 
Mr.  Scott,  in  answering  the  inquiries  of  the  evening,  to  include 
a  statement  as  to  the  prospect  of  getting  good  regulation  for  al- 
ternating motors  applied  to  that  class  of  work,  and  how  the  result 
in  his  judgment  will  be  accomplished. 

The  President  : — If  there  is  no  further  discussion  desired  I 
shall  give  the  floor  to  the  authors  of  papers  to  conclude  the  even- 
ing, and  I  call  upon  Mr.  Ferguson  to  make  some  closing  remarks 
on  his  paper. 

Mr.  Fkrguson  : — Mr.  President  and  gentlemen,  I  don't  think 
I  need  to  say  anything  more  than  I  have  said  ;  1  have  talked  a 
good  deal  already  this  evening. 

The  President:  Mr.  StottT  I  call  upon  you. 

Mr.  Stott  : — There  has  been  no  discussion  on  my  paper,  and 
therefore  I  have  nothing  to  say. 

The  President:  Gentlemen,  I  believe  we  have  said  so  much 
on  the  mooted  question  of  alternating  versus  continuous  current 
that  we  have  not  discussed  several  of  the  papers.  These  papers 
supplied  us  with  a  number  of  important  and  valuable  facts  wnile 
the  other  papers  dealt  more  or  less  with  practical  experience  and 
with  theories  regarding  which  discussion  was  feasible  ;  so,  natur- 
ally, the  discussion  has  drifted  into  certain  lines.  I  call  upon 
Mr.  Buck. 

Mr.  Buck  : — My  position  is  very  much  that  of  Mr.  Stott's ; 
my  paper  has  not  been  discussed,  and  therefore  I  have  nothing 
to  say. 

The  PRESiDEirt' : — Mr.  Scott,  I  am  sure,  has  something  to  say. 

Mr.  Scott  : — Mr.  Chairman,  when  I  received  the  papers  for 
this  evening  I  thought  that  mine  was  rather  out  of  line  as  it  sim- 
ply contained  a  few  generalities,  while  others  had  dealt  with  par- 
ticular points,  and  had  contributed  something  of  interest  and 
value ;  but  it  seems  that  the  generalities  have  been  rather  pop- 
ular to-night. 

The  paper  is  a  general  presentation  of  the  subject  on  broad  lines 
and  it  seems  to  me  that  the  burden  of  proof  is  legitimately  placed 
upon  the  advocates  of  the  direct  current.  We  start  with  alter- 
nating current ;  we  then  ask,  are  there  good  or  suflScient  reasons 
for  transforming  to  direct  current,  and  the  direct  current  people 
have  undertaken  to  defend  their  cause,  and  they  have  done  it 
well. 

I  would  be  the  last  one  to  assert  that  the  alternating  current  can 
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in  all  respects  equal  the  direct  current  for  everything.  I  do  not 
wish  to  take  the  position  of  a  partisan,  but  on  general  grounds  to 
present  the  two  sides  of  the  case.  It  should  not  be  concluded 
because  direct  current  has  been  used  longer,  or  is  used  in  a  good 
many  places  that  we  should*  therefore  decide  it  should  always 
be  used  in  other  cases  without  reviewing  the  ground.  The 
direct  current  advocates  should  show  good  reason  for  the  faith 
which  they  have,  and  this  they  have  been  doing  this  evening. 

I  was  quite  interested  in  the  curves  which  one  gentlemen  pre- 
sented. The  alternating  current  motor  was  shown  with  rather 
meagre  lines.  The  curves  were*  given  with  no  particular  refer- 
ence to  specifications  as  to  the  kind  of  motors  referred  to  or  the 
kind  of  service  to  which  they  are  suited  or  the  regulating  devices 
which  accompany  them.  We  must  take  the  curves  just  as  they 
are. 

At  a  meeting  of  the  Institute  a  short  time  ago  great  stress 
was  laid  upon  one  feature  of  the  alternating  current  motor  which 
was  not  mentioned  in  connection  with  the  curves  this  evening, 
namely,  "the  enormous  starting  current."  This  important  feature 
of  the  other  discussion  was  hardly  visible  this  evening.  But, 
taking  the  curves  just  as  they  were  presented  we  have  the  rather 
remarkable  result  that  the  starting  current  of  the  direct  current 
motor  is  twelve  times  the  full  load  current  for  the  series  motor 
and  eighteen  limes  for  the  shunt  motor.  Taking  the  curves  on 
their  face  a  direct  current  motor  takes  eighteen  times  full  load 
current  as  its  starting  current.  That  beats  anything  I  ever  heard 
alleged  about  even  an  alternating  current  motor,  flns  illustrates 
my  point  that  some  of  the  oflE-hand  assertions  about  the  alter- 
nating current  motor  may  be  just  as  legitimate  as  my  method  of 
reading  the  curves  of  the  direct  current  inutor. 

The  matter  of  variable  speed  in  the  alternating  current  motor 
is  a  thing  which  the  direct  current  people  don't  seem  to  under- 
stand and  the  alternating  current  people  have  hard  work  to  get. 
As  a  matter  of  fact,  however,  the  alternating  current  motor  is 
making  its  way.  We  might  conclude  from  some  things  that  are 
said  about  it  that  it  is  something  that  is  not  in  use  and  never  will 
be.  As  a  matter  of  fact,  however,  it  is  very  widely  used  in  many 
factories  and  many  industrial  establishments  as  well  as  in  gen- 
eral service.  You  cannot  do  everything  with  the  induction 
motor  that  you  can  with  the  direct  current  motor,  but  there  are 
lots  of  things  that  you  can  do  with  it  that  you  cannot  do  with 
the  direct  current  motor.  Each  has  its  own  characteristics.  After 
careful  consideration  of  the  characteristics  of  the  induction  motor 
it  has  been  selected  for  industrial  establishments  and  when  some 
speed  change  is  necessary  this  has  been  provided  in  the  motor  or 
external  means  of  changing  the  speed  has  been  provided  while  the 
motors  run  at  constant  speed.  In  tlie  operation  of  machine  tool8,for 
example,  a  belt  between  the  motor  and  the  tool  with  cone  pulleys 
gives  a  much-to-be  desired  flexible  connection  between  the  motor 
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and  the  macHine,  and  devices  are  arranged  for  readily  shifting 
the  belt.  I  give  this  as  a  single  means  which  is  in  satisfactory 
use  for  accomplishing  some  of  the  speed  changes. 

With  regard  to  elevators,  one  would  think  that  the  alternating 
current  motor  could  never  get  an  elevator  up.  As  a  matter  of 
fact,  there  are  hundreds  of  elevators  which  are  running  by  alter- 
nating current  motors,  and  have  been  running  by  alternating  cur- 
rent motors,  some  of  them  for  several  years. 

We  must  remember  that  very  much  of  the  past  experience 
with  alternating  current  work  has  been  on  a  small  scale  ;  motors 
have  "been  put  on  generators  wlrich  were  of  comparatively  small 
size  and  which  were  not  comparable  to  the  large  units  which 
would  be  installed  for  a  large  plant.  A  ten  or  twenty  horse- 
power motor  will  be,  of  course,  relatively  much  larger  on  a  fifty 
or  one  hundred  horse-power  generator  than  it  would  on  a  system 
having  a  capacity  of  thousands  of  horse-power,  and  that  is  such 
a  system  as  would  be  installed  in  a  large  city.  I  must  con- 
fess, though,  that  elevator  work  is  getting  to  be  something  enor- 
mous when  it  must  be  estimated  on  ^^car  miles."  But  sixteen- 
story  buildings  do  not  exist  except  in  a  few  of  the  larger  cities  ; 
in  the  cities  of  medium  size  elevator  work  of  that  kind  is  not  the 
rule. 

The  Nernst  lamp  and  its  use  with  regard  to  a  direct  current 
has  been  referred  to.  The  Nernst  Lamp  Company  is  a  separate 
company,  distinct  from  that  with  which  I  am  connected,  and  I 
am  not  fully  versed  in  the  work  they  are  doing.  I  am  rather 
surprised  to  know  that  they  put  the  lamps  on  any  direct  current 
circuits,  and  1  do  not  know  the  place  or  the  circumstances. 
However,  Mr.  Wurts,  the  Manager  of  the  Company,  who  read  a 
paper  before  the  Institute  not  long  ago,  assured  me  he  did  not 
consider  the  lamp  suitable  at  present  for  direct  current  circuits, 
and  that  they  do  not  desire  to  supply  lamps  for  those  circuits. 

Another  point  with  regard  to  elevators  I  wish  to  speak  of.  A 
gentleman  who  is  closely  identified  with  direct  current  work,  in 
talking  over  the  elevator  situation  with  me  a  short  time  ago, 
brought  out  a  point  which  rather  surprised  me.  He  said,  to 
change  his  words  a  little,  you  are  not  complicated  enough  ;  you 
have  not  got  enough  stuflt  along  with  the  motor.  We  take  a 
direct  current  motor  to  run  an  elevator  and  we  expect  all  sorts 
of  controllers  and  extraneous  devices,  and  all  kinds  of  magnets 
and  rheostats  added  to  it,  but  with  an  alternating  current  motor 
everybody  thinks  that  there  must  be  nothing  at  all ;  it  must  be 
ideal ;  and  for  that  reason  he  thought  that  the  alternating  current 
motor  had  not  had  its  full  justice  because  it  had  not  all  of  these 
regulating  devices  and  compensating  devices,  and  so  on,  that 
went  with  the  full-fledged  direct  current  elevator  motor. 

It  has  been  said  that  the  direct  current  motor  is  the  thing 
and  the  only  thin^  to  run  elevators.  A  comparison  which 
may  not  hold  good  m  all  cases,  but  it  may  in  some  cases,  would 
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be  this :  If  direct  current  is  required  at  an  elevator,  then  put  in 
a  little  induction  motor  running  a  direct  current  motor  to  fur- 
nish that  power.  If  the  total  amount  of  power  required  for 
elevators  is  small,  and  the  reason  for  getting  direct  current  is  to 
supply  those  elevators,  put  in  a  little  plant  for  supplying  that 
small  amount  of  power,  and  not  put  in  rotary  converters  for  6ui> 
plying  all  the  incandescent  and  arc  lighting  and  other  classes  of 
motors  which  would  be  indifferent  to  the  kind  of  current.  If 
five  per  cent,  or  ten  per  cent,  of  the  power  is  in  the  form  of 
elevators  which  would  require  the  special  dii-ect  current,  convert 
for  that  and  not  for  everything. 

A  Member  : — Supposing  the  elevator  work  is  eighty  per  cent.? 

Mr.  Scoit  : — Supposing  it  is  one  hundred  por  cent.,  then  we 
do  something  else. 

A  Member  : — How  about  the  complication  of  apparatus  in 
that  case  ? 

Mit.  Scott  :— The  complication  of  apparatus?  Why  you  have 
got  so  much  with  the  direct  current  motor  anyhow,  that  a  little  in 
addition  may  not  amount  to  anything.  The  little  motor  generator 
for  supplying  ten-horse  power  of  direct  current  would  be  simple 
compared  with  going  back  and  putting  in  a  rotary  converter 
sub-station  for  convertng  several  hundred  horse  power,  the  rest 
of  it  to  be  used  for  other  kinds  of  work. 

The  direct  current  wiring  has  been  pointed  out  as  a  very 
simple  thing,  and  the  alternating  current  wiring  a  very  diflScult 
thing.  Not  long  ago,  up  at  the  Pan-American  Exposition,  I 
had  the  pleasure  of  looking  with  wonder  at  some  charts  which 
our  friend  Mr.  Mailloux  had  made  of  a  large  building,  showing 
direct  current  wiring,  and  I  should  j^ay  that  it  would  take  more 
than  an  ordinary  engineer  to  do  work  of  that  kind. 

A  Member  : — If  it  was  an  alternating  current  it  would  be  a 
great  deal  worse. 

Mr.  Soott: — It  does  take  intelligent  work,  but  my  point  is, 
that  it  takes  an  expert  to  lay  out  direct  current  wiring  on  a  large 
scale. 

A  friend  near  me  said  a  little  while  ago  that  this  reminded  him 
of  the  old  days,  when  the  subject  of  the  alternating  current 
versus  the  direct  current  was  the  red  flag  that  would  start 
everybody  to  moving.  In  those  days  there  was  one  thing  which 
was  mentioned  which  the  direct  current  friends  brought  up  first, 
last  and  all  the  time,  but  which  I  do  not  recall,  has  been  men- 
tioned here  this  evening,  and  that  is  transformer  losses.  The 
field  of  battle  has  changed.  The  alternating  current  since  those  old 
days  has  made  a  rather  startling  change,  and  as  I  said  in  my  first 
paragraph,  it  is  no  longer  a  question  of  direct  versus  alternating 
currents,  but  is  a  question  of  whether  the  alternating  current 
shall  do  the  whole  thing  or  whether  the  direct  current  shall  have 
a  little  corner  left ;  whether  the  direct  current  will  be  able  to 
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hold  the  place  it  now  has,  or  whether  it  will  at  some  time  have  to 
give  that  up  too. 

Thb  Pkesidknt  : — Gentlemen,  the  next  paper  was  by  Mr.  Bar- 
stow.     I  call  upon  Mr.  Barstow  to  close  his  discussion. 

Mb.  Bakstow: — There  are  just  two  points  1  would  like  to 
emphasize.  One,  as  Mr.  Ferguson  has  already  explained,  is  the 
senous  objection  to  the  use  of  storage  batteries  for  supply  of 
alternating  cuiTent ;  in  fact,  the  idea  is  entirely  impracticable. 
The  second  point  the  President  brought  out  in  relation  to  the 
use  of  transformers  on  the  premises  of  the  customers.  This  con- 
dition is  eren  more  complicated  than  the  use  of  the  substation 
with  rotary  transformer,  because  the  company,  in  the  latter  case, 
has  the  transforming  apparatus  under  special  care,  while  in  the 
former  case  it  is  distributed  throughout  the  city  on  property  not 
its  own  apd  beyond  its  control,  where  it  cannot  be  watched  and 
eannot  be  taken  care  of. 

The  remark  that  Mr.  Scott  made,  that  the  burden  of  proof  was 
on  the  direct  current,  I  think  entirely  depends  as  to  which  end 
you  view  it  from.  If  you  are  going  to  generate  current  and 
then  be  satisfied  at  its  mere  generation,  that  is  one  thing ;  if  you 
are  going  to  sell  the  current  before  you  are  satisfied,  that  is  an- 
other. You  are  generating  current  to  sell.  If  you  generate 
alternating  current  and  it  cannot  be  purchased  by  the  customer, 
what  is  the  use  of  generating  it  ?  You  should  look  at  the  whole 
question  from  the  customer's  standpoint.  Those  devices  which 
are  the  most  useful  to  him  on  the  most  useful  system,  you  have 
got  to  supply  in  order  to  pay  for  the  generating  of  the  current; 
so  that  it  is  not  a  question  as  to  whether  the  current  shall  be 
generated  direct  or  shall  be  generated  alternating,  but  as  to  what 
class  of  current  shall  be  finally  distributed.  Mr.  Scott  also  re- 
marked in  regard  to  the  motors  and  devices  for  elevator  work 
being  complicated  on  direct  current.  As  the  cost  of  the  motor, 
etc.,  is  about  the  same,  whether  alternating  or  direct  current  is 
used,  it  means  the  customer  gets  more  for  his  money  if  he  uses 
direct  current. 

The  Peesidbnt  : — Gentlemen,  the  next  two  papers  were  by  Mr. 
Emmett  and  Mr.  Bobb.  Since  the  authors  of  these  papers  are 
not  present,  we  must  leave  it  to  them  to  conclude  the  discussion 
in  writing.  I  may  add,  however,  that  both  of  these  papers  deal 
either  exclusively  or  largely  with  alternating  current  distribution 
showing  means  adapted  thereto,  and  neither  of  the  two  papers 
has  been  attacked  in  the  discussion.  This  appears  to  me  more 
than  anything  else  to  show  that  the  alternating  current  is  by  no 
means  at  all  yet  hopelessly  lost  in  inferiority.  All  the  discussion 
we  have  had  here  about  continuous  current,  or  alternating  current, 
refers  to  one  particular  phase  only,  although  that  place  is  their  most 
important  application,  the  supply  of  large  cities  and  densely  pop- 
ulated districts,  but  we  all  agree  that  in  small  cities  and  outlying 
districts  of  large  cities,  the  alternating  current  reigns  supreme. 
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The  last  paper  was  the  paper  by  Mr.  Torchio,  and  I  call  upon 
him  to  conclude. 

Mr.  Philippo  Torohio  : — I  would  just  add,  in  connection  with 
ray  paper,  that  in  the  application  of  electricity  to  factories,  the 
direct  current  may  be  preferable  for  certain  classes  of  work,  and 
I  should  think  that  in  such  cases  the  five  hundred  volt,  three-wire 
system  is  considerably  more  adapted  than  the  two  hundred  and 
twenty  volt  system  as  usually  adopted  now.  I  think  that  the 
trend  of  engineers  is  toward  the  adoption  of  higher  voltages 
whenever  it  is  feasible,  and  especially  in  large  factories,  where 
the  motor  load  constitutes  a  large  percentage  of  the  total  con- 
nected load. 

The  President. — Gtentlemen,  we  are  through  with  the  work 
of  this  evening,  and  I  believe,  if  nobody  else  desires  to  make  any 
remarks,  a  motion  to  adjourn  will  be  in  order.  I  thank  you  for 
your  very  generous  participation  in  the  discussion. 

The  President: — Gentlemen.  The  topic  selected  for  the 
next  meeting  is  "  Methods  of  Illumination."  It  will  comprise 
all  appertaining  to  electric  illumination,  the  character 
of  different  lamps  or  illuminants,  the  intensity,  distribution 
of  light,  color  of  light,  etc. ;  also  the  character  of  the 
supply  system  req^uired  for  their  successful  operation,  etc. 
Contributions  in  writing  for  this  discussion  in  the  lorrn  of  short 
papers  are  very  welcome,  and  should  be  handed  in  to  the  Secre- 
tary, or  to  the  Committee  on  Papers,  on  or  before  December  6th. 

[Adjourned.] 
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Discussion  in  Chioaqo. 

Mb.  R.  H.  Pibboe: — I  have  here  copies  of  Mr.  Ferguson's 
paper,  and  also  copies  of  a  paper  by  Mr.  Stott.  Attached  to  Mr. 
8tott's  paper  are  also  several  other  papers.  There  is  hardly  time 
this  evening  to  read  all  of  these  papers  and  go  into  the  discussion 
of  them,  but  I  would  like  to  leave  the  conduct  of  the  meeting  in 
your  hands,  and  after  Mr.  Ferguson's  paper  has  been  read,  I  hope 
anyone  who  has  anything  to  oflEer  or  to  ask  regarding  the  other 
papers  will  take  part  in  the  discussion  of  them. 

The  first  paper,  by  Mr.  Ferguson,  is  the  main  one  of  the  even- 
ing. It  is  entitled  ''  Distribution  of  Electrical  Energy  in  Large 
Cities."  This  paper  is  the  result  of  Mr.  Ferguson's  many  years 
experience  in  Chicago,  and  those  of  us  who  know  how  well  he 
has  solved  the  problem  here,  appreciate  the  value  of  a  paper 
from  him  on  the  subject.  This  paper  will  be  read  by  Mr.  Jun- 
kersfeld,  of  the  Chicago  Edison  Company. 

[The  paper  printed  on  page  813  was  here  read.] 

Mb.  Piebcb  :  —I  am  sorry  that  I  am  not  acquainted  with 
each  and  every  one  of  the  gentlemen  here  this  evening,  in  order 
that  I  might  call  upon  the  different  ones  to  take  part  in  the  dis- 
cussion of  this  very  interesting  paper,  but  I  hope  we  shall  have 
a  number  of  volunteers. 

This  problem  of  the  distribution  of  electricity  in  a  large  city 
is  really  not  only  a  problem  of  distribution  but  it  involves  the 
problem  of  the  most  economical  generation  and  transmission 
of  electricity,  because  in  a  city  of  fifty -eight  (58)  square  miles  it 
is  not  a  question  altogether  of  distribution,  but  large  amounts  of 
energy  have  to  be  transmitted  from  considerable  distances,  and 
in  selecting  the  system  to  be  used,  we  have  to  consider,  as  I  have 
said,  both  the  economy  of  generation  and  transmission  as  well  as 
distribution.  It  is  clear  trom  Mr.  Ferguson's  paper  that  his  so- 
lution of  the  matter  is  that  we  should  use  a  three-phase  alternating 
svstem  for  transmission  and  that  in  the  heart  of  a  large  city,  at 
the  present  state  of  the  art, we  should  use  a  direct  current  220- volt 
three- wire  system,  the  current  of  the  system  being  generated. 
A.  c.  or  D.  c,  in  accordance  with  the  location  of  the  generating 
plant,  this  of  course  being  determined,  as  it  is  in  this  city,  by  the 
possibility  of  securing  the  location  where  we  can  get  free  water 
and  coal  at  the  minimum  cost. 

While  Mr.  Ferguson's  conclusions  are  clearly  the  same  that 
have  been  arrived  at  bv  many  others,  as  shown  by  the  practice  of 
to-day,  nevertheless,  the  position  which  he  has  taken  in  this 
paper  has  been  combatted  in  years  past  and,  in  fact,  there  has 
been  a  discussion  amounting  almost  to  a  quarrel  in  almost  every 
meeting  of  any  electric  lighting  association  at  which  I  have  been 
present  in  the  last  ten  years.  So  it  is  very  probable  that  there 
may  be  some  here  to-night  who  may  not  agree  with  Mr.  Fer. 
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gnson's  solution  of  the  problem,  and  if  there  is  any  one  who 
has  such  views  I  should  be  very  glad  to  hear  from  him. 

Mr.  Junkebsfeld  : — It  was  with  some  hesitancy  that  I  con- 
sented to  read  Mr.  Ferguson's  paper  this  evening,  and  inasmuch 
as  he  is  reading  the  paper  in  New  York  to-night  it  will  be  their 
gain  and  our  loss.  On  his  return  to  the  city  1  am  sure  he  will 
feel  pleased  to  hear  that  some  opinions  had  been  expressed  on 
his  solution  of  the  question,  at  any  rate. 

Mr.  Lyman: — This  very  complete  paper  of  Mr.  Ferguson's 
on  distribution  is  certainly  timely.  We  are  all  much  inter- 
ested in  this  subject.  The  tendency  at  the  present  time  to 
consolidation  of  industrial  lines  is  especially  true  of  the  electric 
lighting  and  power  plants.  As  the  development  of  controlling 
apparatus  for  the  distribution  of  power  has  advanced  we  have 
been  called  upon  to  plan  for  a  very  great  increase,  not  only  in 
the  power  controlled,  but  in  the  district  to  be  covered. 

I  think  this  paper  brings  out  forcibly  how  thoroughly  and  well 
Mr.  Ferguson  and  his  engineers  have  developed  from  a  number 
of  small  plants  distributed  throughout  a  large  part  of  Cook 
County,  one  great  system,  delivering  power  to  distances  of  eight 
or  ten  miles  from  the  generating  station  with  an  efficiency  of 
approximately  80  per  cent.,  and  maintaining   a   regulation  that 

fives  perfect  lighting,  and  meets  the  demands  also  for  the  various 
inds  of  power  that  are  called  for. 

The  Chicago  Edison  Company,  in  starting  with  the  develop 
ment  of  this  extensive  distribution  system,  began  with  a  very 
large  direct  current  system  in  the  centre  of  Chicago,  and  I  think 
that  partly  accounts  for  the  larger  proportion  of  the  total  power 
at  the  present  time  generated,  bein^  direct  current  rather  thau 
alternating.  There  is  a  district  of  some  fifty  or  sixty  square  miles 
that  is  now  beiui^  covered  with  60-cycle  alternating  current,  fur- 
nishing light  and  power.  This  alternating  power  has  grown  very 
rapidly,  and  1  shall  expect  to  see  in  two  or  three  years'  time  the 
percentage  of  power  used  very  much  increased.  The  induction 
motors  are  coming  into  use  very  rapidly,  and  the  advantages  of 
alternating  current  for  delivering  over  wide  areas  are,  in  general, 
far  superior  to  direct-current,  while  it  has  a  disadvantage 
at  the  present  time  in  the  case  of  elevator  work.  I  shall  not  be 
at  all  surprised  to  see,  within  a  short  time,  the  induction  motor 
applied  to  elevator  work  as  successfully  as  it  is  to  all  the  lines  of 
power  using  constant  speed. 

There  is  one  method  of  distributing  power  in  which  the  Chicago 
Edison  Company  have  been  one  of  the  pioneers,  that  I  woald 
like  to  call  your  attention  to,  and  that  is  three-phase  four-wire 
distribution.  Power  can  be  transmitted  by  this  system  at  a 
given  standard  transformer  voltage,  with  one-third  the  copper, 
or,  the  copper  being  the  same,  with  one-third  the  loss  that  is  re- 
quired for  single-phase  transmission.  For  instance,  by  the  use  of 
Wie  four-wire,  three-phase  system,  using  4,100  or  4,000  volts,  three 
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phase,  and  2,300  volts  from  the  fourth  wire  to  either  one  of  the 
outside  wires,  so  that  standard  transformers  can  be  used,  the 
power  can  be  transmitted  with  one-third  the  loss,  or  a  given  loss 
with  one- third  the  copper  that  it  can  be,  single  phase,  so  that  bj 
using  2,300-volt  transformers,  for  standard  apparatus,  with  tha 
three-phase  four-wire  distribution,  lighting  and  power  can  be 
easily  taken  care  of,  from  the  power  house  five  to  eight  miles 
away,  and  I  have  in  mind  a  number  of  similar  plants  where  this 
system  is  l;)eing  in8taIled,to  take  care  of  a  number  of  towns  located 
four  or  five  miles  from  each  other. 

This  part  of  the  distribution  system  of  the  Chicago  £dison 
Company,  which  is  taken  care  of  with  the  alternating  current, 
represents  a  very  good  system  for  comparatively  small  towns — 
towns  of  five  to  ten,  or  even  fifteen  thousand  inhabitants.  One 
of  the  things  that  every  lighting  company  at  the  present  time  is 
anxious  to  do  is  to  put  on  a  day  power  load,  and  this  is  being 
done  to  a  great  extent  by  the  small  lighting  companies  in  small 
towns,  with  the  60-cyele,  three-phase  distribution,  and  especially 
where  the  distances  are  considerable,  the  four-wire  three-phase 
system  using  5,000  volts,  allows  them  to  go  out  after  power  that 
is  perhaps  some  little  distance  away  and  to  get  a  very  paying  day 
load. 

Mr.  Pierce: — We  have  this  evening,  in  addition  to  Mr.  Fer- 
guson's paper,  five  other  papers,  which  are  all  included  in  this 
second  pamphlet,  and  inasmuch  as  they  are  all  on  this  same  sub- 
ject, "The  Distribution  of  Electrical  Energy,"  I  will  read  them  by 
title,  in  the  hope  that  they  may  call  forth  discussion,  as  some  of 
them  take  the  other  side  of  the  question  ;  that  is  to  say,  some  of 
the  papers  seem  to  favor  the  use  of  alternating  current  where 
the  practice  shown  in  Mr.  Ferguson's  paper  seems  to  favor  the 
use  of  direct  current.     The  papers  are  as  follows  : 

First. — "  Locating  Faults  in  Underground  Distribution  Sys- 
tems," by  Henry  G.  Stott. 

This  paper  simply  describes  a  testing  device  for  cables,  which 
consists  of  grounding  one  side  of  a  small  generator  and  attach- 
ing the  other  to  the  cable,  the  current  coming  back  through  the 
ground  and  being  an  interrupted  current  of  about  10  amperes.  A 
series  of  pulsations  are  thus  sent  into  this  cable,  and  tiien  the  one 
who  is  testing  walks  along  the  cable  with  a  galvanometer. 
Wherever  pulsations  are  taking  place  in  the  cable  they  cause  a 
swing  on  the  galvanometer,  and  when  the  galvanometer  passes 
where  the  trouble  is  located,  these  vibrations  cease. 

In  about  1887  I  expected  to  be  connected  with  an  operating 
company,  and  anticipating  the  troubles  which  I  might  have,  as  1 
had  already  worked  on  an  underground  system,  and  located  faults 
with  a  pick  and  shovel,  I  experimented,  with  a  scheme  which 
amounted  to  this  same  thing,  except  that  instead  of  using  a  gal- 
vanometer I  had  a  coil  connected  to  a  telephone.  I  would  hold 
this  to  the  cable,  and  when  I  got  beyond  the   point  where  the 
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pulsating  current  was  going  through  the  cable,  the  vibrations 
would  cease  to  be  heard  in  the  telephone.  My  idea  at  that  time 
was  that  you  could  not  only  use  this  at  manholes,  but  that  you 
could  walk  along  the  street  and  locate  the  trouble  by  carrying  this 
coil  close  to  the  ground.  I  never  tried  it  on  the  street,  but ihave 
no  doubt  that  when  a  cable  is  not  shielded  by  an  iron  sheath, 
this  thing  could  be  worked  out  on  the  same  principle  as  Mr. 
Stott's  galvanometer,  and  by  having  a  properly  designed  coil  in 
walking  along  the  street  you  can  stop  right  over  the  point  where 
the  trouble  is. 

The  advantage  of  this  system  is  that  it  can  be  used  on  an  al- 
ternating current  system  while  the  system  is  in  operation,  where- 
as the  disadvantage  of  the  fi;alvanometer  would  be  that  it  would 
^ve  a  big  swing,  even  if  tne  cable  had  no  current  on  it  from 
influence  of  adjacent  cables. 

The  next  paper  is  on  the  "Buffalo  High-Tension  Cable  Distri- 
bution System,"  by  Harold  W.  Buck. 

This  paper  is  really  more  a  paper  on  transmission  than  dis- 
tribution. It  takes  up  more  particularly  the  transmission  at 
22,000  and  11,000  volts,  and  apparently  gives  as  the  reasons  for 
it  that  22,000  volts  is  low  enough  for  overhead  use,  and  11,000 
is  as  much  as  they  dare  put  under  ground. 

Mr.  Buck  also  describes  some  of  the  apparatus  used  at  the 
receiving  end. 

The  next  paper  is  on  the  "Alternating  Current  as  a  Factor  in 
General  Distribution  for  Light  and  Fewer,"  by  Charles  F. 
Scott. 

This  paper  is  described  by  the  opening  statement,  which  says 
that  the  present  problem  is  not  alternating  versus  direct  current, 
but  is  alternating  current  only  versus  alternating  current  and 
direct  current. 

Mr.  Ferguson's  paper  describes  the  problem  as  worked  out  by 
the  use  of  alternating  current  and  direct  current.  Mr.  Scott,  ap- 
parently, from  his  paper,  would  solve  the  problem  by  the  use  of 
alternating  current.  In  order  to  balance  the  account  between 
these  two  methods  Mr.  Scott  introduces  the  use  of  the  storage-bat- 
tery in  an  alternating  current  station,  havingit  connected  to  the 
direct  current  side  ofa  rotary  transformer.  This  looks  to  me  a 
little  like  a  forced  balance.  If  any  of  the  members  have  ever 
known  of  this  being  done  I  sliall  be  very  glad  to  hear  what  re- 
sults have  been  obtained.  For  myself,  I  cannot  see  how  it  can 
be  done  without  inserting  regulating  devices  into  the  system, 
which  would  prevent  the  satisfactory  use  of  the  battery  in  the 
same  manner  that  it  is  generally  used  in  direct  current,  where  it 
is  allowed  to  float  on  the  system.  Mr.  Scott  states  that  when  a 
new  plant  is  being  laid  out,  it  is  probable  the  cases  are  very  rare 
in  which  it  would  not,  on  the  whole,  be  practicable  to  utilize 
either  alternating  or  direct  current  motors.  W  hile  this  is  possibly 
true,  it  is  also  true  in  the  case  of  distribution  in  large  cities, — such 
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as  Mr.  Ferguson  describes — we  seldom  if  ever,  can  lay  out  a  com- 
plete new  system.  When  a  new  plant  is  being  laid  out  it  always 
indicates  growth  and  increase.  There  is  always  a  large  amount 
of  machinery  on  hand,  not  only  that  owned  by  the  central  sta- 
tion, but  that  purchased  by  the  consumers,  and  it  comes  down  to 
a  business  proposition.  It  is  desirable  to  use  as  much  of  the  existing 
apparatus  in  the  station  as  possible.  It  is  also  desirable  to  use  as  much 
of  the  existing  apparatus  in  the  way  of  motors,  etc.,  of  the  consumer 
as  possible.  The  consumer  does  not  want  to  buy  any  more  than 
is  necessary,  neither  does  the  central  station  want  to  replace  one 
type  of  motor  with  another.  It  is  also  desirable  to  have  the  con- 
sumer use  a  type' of  machine  which  can  be  purchased  on  the  open 
market,  and  which  can  be  used  on  any  ordinary  plant.  The  cen- 
tral station  has  to  compete  with  the  isolated  plant.  If  a  man  has 
an  isolated  plant  and  direct  current  motors  he  wants  to  attach 
them  on  to  the  central  station ;  and  again,  if  the  company  fur- 
nishes only  alternating  current  and  furnishes  the  alternating  cur- 
rent motors,  at  the  present  price  of  such  motors  and  the  present 
state  of  competition,  the  large  number  of  men  who  are  selling 
direct  current  motors  will  begin  to  try  to  get  people  to  put  in 
isolated  plants  and  put  those  motors  in.  In  other  words,  the 
motor  men  are  against  the  central  station,  except  where  the  cen- 
tral station  does  not  attempt  to  sell  motors,  but  to  furnish  cur- 
rent that  can  be  used  by  any  motor. 

On  page  848  it  seems  to  me  Mr.  Scott  has  summed  the  thing 
up  where  he  says  :  "Probably  the  most  pertinent  conclusion  to 
be  drawn  from  a  discussion  oi  this  kind  is  that  there  is  no  ideal 
system,  and  no  panacea  ulan  which  can  be  universally  applied. 
Existing  and  local  conditions,  special  requirements,  and  the  rela- 
tive importance  of  the  various  classes  of  service  to  be  rendered, 
must  all  be  taken  into  account  in  determining  what  will  be  ade- 
quate in  an  individual  case." 

The  next  ]^aper  is  entitled  *' Notes  on  the  Alternating  Current 
System  of  Distribution,"  by  "W.  S.  Barstow. 

Mr.  Barstow  is  a  pioneer  in  the  application  of  alternating  cur- 
rent transmission  combined  with  direct  current  distribution. 
His  paper  carries  with  it  great  weight,  and  his  conclusions  on 
page  853,  in  regard  to  the  points  that  are  necessary  to  be  over- 
come before  the  alternating  system  can  replace  the  direct  current 
system,  in  distribution  in  a  large  city,  seem  to  represent  the 
opinion  of  the  average  conservative  man  at  the  present  time.  I 
will  read  the  statement,  as  it  seems  to  me  to  be  the  gist  of  his 
paper: 

"  What  is  required  to-day,  however,  if  the  alternating  current 
besides  retaining  its  field  of  transmission  and  scattered  distribu- 
tion where  it  is  supreme,  would  enter  the  compact  direct  current 
field  of  distribution,  is  : 

"First. — A  standard  type  of  motor  which  can  be  used  for  all 
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classes  of  business  demand  and  will  meet  the  same  commercial 
requirements  as  the  present  direct  current  motor. 

"Second. — A  universal  system  of  supply  which  does  not  require 
transformers,  etc.,  or  anything  outside  of  the  meter  itself,  to  be 
located  on  the  premises  of  the  customers. 

"Third. — Some  apparatus, which  in  connection  with  alternating 
current  will  take  the  place  of  the  storage-battery  supply  on  the 
direct  current." 

The  last  paper  is  entitled  "  Distribution  by  the  Three- 
Phase  System  and  the  Operation  of  Single-Phase  Circuits  by  it," 
by  W.  L.  R.  Emmet,  who  is  universally  conceded  to  be  an  author- 
ity on  this  subject. 

Mr.  Emmet's  paper  gives  the  reasons  why  he  thinks  the  three- 
phase  machine  should  replace  the  single-phase  machine  for  all 
purposes,  and  is  then  taken  up  by  a  description  of  his  method 
of  three-phase  distribution,  particularly  the  three-phase  four-wire 
system,where  the  three-phase  machines  are  connected  in  "  Y  "  with 
the  fourth  wire  connected  at  the  centre.  This  is  the  system  that  has 
been  described  in  Mr.  Ferguson's  paper  as  being  used  in  Chicago. 
I  should  be  pleased  if,  in  the  course  of  discussion,  someone  would 
make  some  statement  as  to  his  experience  regarding  the  r^u- 
lation  which  is  obtained  on  this  system. 

I  will  say  for  myself,  that  1  have  recently  had  occasion  to  take 
up  the  matter  of  alternating  versus  direct  current  in  the  down 
town  distribution  of  a  large  city,  and  while  I  believe  that  at  the 

F resent  state  of  the  art  the  direct  current  distribution  is  the  best, 
was  also  confronted  with  the  proposition,  in  this  particular 
case,  that  it  was  impractical  to  change  over  to  the  other  system, 
even  if  the  balance  were  in  favor  of  the  alternating,  owing  to  the 
fact  that  we  had  a  large  number  of  direct  current  motors  in- 
stalled, and  also  owing  to  the  fact  that  we  had  to  keep  the  station 
running.  In  every  one  of  these  cases  it  is  like  the  case  of  a  school 
board  who  wanted  to  "  build  a  new  school  house  on  the  site  of  the 
old  schoolhouse,  and  to  use  the  old  school-house  until  the  new 
schoolhouse  was  completed."  Even  if  no  very  radical  changes 
are  made  in  the  method  of  distribution  it  becomes  quite  a  prob- 
lem to  give  good  service  and  change  over  a  plant,  and  that  is  one 
of  the  reasons  why  some  of  these  papers  show  one  system  to  be 
advantageous  in  a  theoretical  light  and  other  papers  show  that  men 
who  have  charge  of  operation  nave  done  something  different. 

Taking  the  papers  as  a  whole,  they  represent  fairly  both  sides 
of  the  controversy. 

Mr.  a.  Osthoff: — There  is  one  little  point  in  connection  with 
the  load  diagram  contained  in  the  paper  by  Mr.  Ferguson  that 
is  somewhat  interesting  as  showing  the  part  played  by  the  bat- 
tery in  relation  to  the  load  factor.  I  had  occasion  to  look  over  a 
load  diagram  of  the  Chicago  Edison  Company  recently,  and 
found  that,  assuming,  as  a  delinition  of  the  load  factor,  the  ratio 
of   the  average  to  the  maximum,  it  came  out  about  37  per  cent., 
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and  then  taking  the  battery  into  consideration  the  factor  increased 
from  37  to  something  like  53  per  cent,  and  then,  considering  the 
fact  that  the  Chicago  Edison  Co.  has  installed  50  per  cent,  niore 
battery  since  then  it  could  be  raised  to  62  or  63  per  cent.  Possibly 
Mr.  Carlton  has  some  figures  on  that. 

Mb.  Cablton  :— No,  I  have  no  figures.  I  did  not  know  what 
the  percentages  were  until  Mr  Osthoff  gave  them.  The  fact  of 
cutting  off  the  peak  with  a  battery  does  very  materially  improve 
the  load  factor  figuring  it  from  the  generated  output. 

Mr.  Pierce: — Have  you  ever  seen  a  c?.se  where  the  battery 
was  nsed  on  an  alternating  system  in  the  m':^nner  described  by  Mr. 
Scott  ? 

Mr.  Osthoff  : — Not  exactly  with  that  idea.  I  know  there 
have  been  some  cases  where,  in  a  case  of  emergency,  the  battery 
floated  through  the  rotary  and  carried  the  alternating  side  of 
the  system  durinr  a  breakdown.  I  think  that  it  was  in  Hart- 
ford about  two  years  ago  that  this  thing  occurred,  but  I  am  not 
familiar  with  the  details,  and  thus  make  the  general  statement. 

Mr.  Pierce  : — That  is  really  substantially  the  thing  that  is 
don«  in  New  York  in  the  Pearl  Street  Station.  They  have  a 
big  battery,  and  it  may  be  battery  that  is  feeding  alternating  cur- 
rent,  but  whether  or  not  that  has  ever  been  installed  in  coTmec- 
tion  with  an  a.  c.  distribution  I  do  not  know. 

Mr.  Osthoff  : — I  do  not  think  anything  like  that  has  ever  been 
done. 

Mr.  Junkersfeld  : — Supplementing  Mr.  Lyman's  remarks, 
and  also  those  of  th?  Chairman,  I  note  that  one  reason  advanced 
by  Mr.  Lyman  as  to  why  the  large  proportion  of  total  povver  dis- 
tributed at  the  present  time  by  the  Chicago  Company  is  direct 
current,  was  because  the  direct  current  system  was  started  in 
advance  of  the  alternating.  I  think  the  commeicial  considera- 
tions that  the  Chairman  particularly  drew  attention  to  were  a 
very  great  factor  in  the  more  recent  development  of  this  large 
direct  current  distributing  system. 

Any  lighting  company  to  attain  permanent  success  must  have 
something  to  sell  for  which  there  is  a  market.  The  early  devel- 
opment of  direct  current  motors  made  possible  a  market  for  direct 
cur  ent  that  could  profitably  be  supplied,  as  it  meant  a  day  load.  In 
Fig.  3  Mr.FergusL  n's  p  ^  per  shows  the  large  percentage  of  total  load 
that  consists  of  general  power  and  ehvator  work.  The  connected 
load  in  elevators  alone  is  about  12^  per  cent,  cf  the  total.  It 
should  be  kept  in  mind  that  alternating  current  distribution  is 
employed  in  all  the  outlying  and  suburban  districts  in  Chicago, 
bnt  that  such  k.  w.  h.  output  is  a  comparatively  small  percentage 
of  total  in  the  entire  city. 

The  four-wire  three-phase  system  of  distribution^  that  ia  dis- 
cussed in  Mr.  Emmet's  paper  was  put  into  service  in  Chicago 
about  one  year  ago,  and  has  been  found  very  satisfactory.  One 
great  advantage  of  such  a  pystem  is  that  it  may  be  installed   and 
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a  very  large  investment  in  line  work  utilized.  By  that  I  mean 
that  yon  can  go  into  a  city  where  the  investment  in  line  work  is 
considerable,  and  you  can  start  in  a  system  of  this  kind  with 
small  change  in  the  distribution  system  and  slowly  conver*^  it. 

In  Mr.  Stott's  paper  he  describes  a  number  of  methods  for  lo- 
cating faults.  In  this  connection,  I  will  say  that  some  work  has 
been  done  by  the  Chicago  Edison  Company  recently  along  this 
line  (the  accuracy  of  which  is  even  better  than  Mr.  Stott  men- 
tions); and  as  the  young  man  is  here  to-uic^ht  who  is  largely  re- 
sponsible for  that  work  perhaps  he  will  tell  us  about  it.  I  refer 
to  Mr.  Eastman. 

Mr.  Eastman  : — The  method  we  used  in  locating  faults  was  the 
Murray  loop  method.  Mr.  Stott  states  that  the  loop  method  of 
locating  faults  cannot  be  applied  to  cables  larger  than  No.  *^  B. 
&  S.  gau^e.  We  have  successfully  applied  the  method  in  locat- 
ing faults  on  cables  of  No.  00,  and  hare  made  tests  that  show  it 
could  be  used  on  cables  of  600  circular  mils  and  in  very  short 
lengthfi.  In  most  of  the  instances  where  we  have  applied  it  we 
have  obtained  accuracy  in  locating  faults  within  one  per  cent.  It 
seems  to  me  the  whole  success  of  this  depends  upon  the  method 
in  which  th9te8t  is  made,  and  the  adjustment  of  resistances  used 
in  maki'^g  test. 

Mr.  Stott,  in  speaking  of  locating  faults  by  the  use  of  the  loop 
system,  says  that  the  influence  of  the  ground  will  enter  in  such 
a  manner  that  the  results  will  not  be  correct.  Bnt  with  the 
method  of  using  it  with  the  reverser  end  taking  pro]>er  deflection 
both  ways,  this  fault  is  practically  eliminated. 

Pbof.  Woodworth  : — I  came  to  this  meeting  simply  to  listen. 
I  recognize  that  the  problem  which  is  presented  to  the  people 
who  are  installing  plants  in  large  cities  is  a  large  one. 
The  Chicago  Edison  Company,  for  instance,  has  probably 
before  them  the  largest  problem  that  is  to  be  solved  in 
the  city  of  Chicaojo.  All  the  new  things  that  are  going  to  be 
done  in  Chicago  will  probably  come  along  that  line,  and  1  hope 
that  Mr.  Ferguson  ana  his  engineers  have  solved  this  in  the  right 
way.  I  would  be  sorry  to  think  that  they  have  been  influenced 
by  the  commercial  side  of  the  small  motors  owned  by  their  pro- 
spective customers.  I  hope  that  that  has  not  been  done,  be- 
cause there  is  no  reason  why  the  Chicago  Edison  Company 
cannot  supplant  all  the  plants  in  the  city  of  Chicago.  They 
should  do  it  and  it  would  be  the  best  thing  that  could  hap|)en 
to  the  city  of  Chicago;  and  if  we  want  Chicago  to  be  smcike  free 
that  is  one  of  the  ways  to  do  it.  I  am  quite  sure  that  they  are 
at  the  present  time  giving  a  very  satisfactory  service,  and  am 
very  much  pleased  to  see  the  work  and  to  hear  this  paper  this 
evening. 

In  one  of  the  papers  that  was  not  read  this  evening,  Mr. 
Emmet's,  I  was  quite  surprised  to  see  the  statement  in  which  he 
cuts  out  the  two-phase  machine.     Let  us  take  the  problem  that 
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the  Chicago  Edison  Company  have  on  hand.  There  is  no'ques- 
tion  at  all  but  that  they  want  the  three  phase.  We  will  suppose 
we  have  a  small  plant — about  200  kilowatts.  A  man  wants  to 
put  in  a  plant  and  his  distributing  area  is  small,  or  very  scattered. 

It  would  not  pay  to  put  in  step-up  transformers  for  a  distance 
of  four,  five  or  six  miles,  and  in  that  case  he  wants  to  put  in  a 
machine  that  is  going  to  give  satisfactory  service.  As  Mr.  Emmet 
explains,  it  will  be  economy  for  him  to  buy  a  multiphase  ma- 
chine; but  he  says,  not  the  two-phase.  Now,  if  we  put  in  such  a 
plant  we  will  have  to  cut  out  what  Mr.  Emmet  recommends,  and 
that  is,  the  engines  to  handle  that  plant.  If  that  is  the  condi 
tion  for  that  case  I  think  every  one  who  handles  such  a  plant 
will  find  the  two-phase  plant  fulfills  that  ])Osition  much  better 
than  the  three  phase.  My  own  personal  experience  has  been  that 
the  two- phase  machine  is  very  much  more  easily  balanced  than 
the  three  phase  with  small  loads,  and  when  it  comes  to  using 
such  a  service  as  we  will  usually  have,  about  80  per  cent,  light 
and  20  per  cent,  motors,  with  that  condition  it  will  require  only 
two  transformers  for  the  motors  in  place  of  the  three  required 
if  we  use  the  three-phase  system.  Of  course,  the  sizes  won't 
make  much  difference,  but  so  far  as  the  value  of  the  system  is 
concerned,  I  cannot  see  why  he  cuts  out  the  two-phase  system,  as 
there  are  places  where  it  seems  to  me  it  is  advantaaeous. 

Mr.  Lyman  : — Referring  to  the  question  that  has  just  been 
brought  u  ,  as  to  what  advantage  the  three-phase  generator  has 
over  the  two-phase,!  have  seen  rare  instances  where  tlie  two-phase 
generator  had  perhaps  an  advantage  over  the  three, where  the  dis- 
tribution was  limited  and  where  the  power  was  to  be  used  princi- 
pally— almost  entirely, perhaps — for  Hijhting,  andthere  were  only 
two  circuits,  as  the  Professor  has  said,  to  balance,  instead  of  three. 
There  generally  come,  however,  problems  of  power,  and  they  are 
coming  more  and  more  with  the  old  plants  that  are  remodeled, 
and  the  new  ones  that  are  starting  up  in  a  new  field  that  offer  a 
very  good  day  load  ;  also  in  extending  transmission  of  power 
for  lighting  or  for  power  work,  a  considerable  distance  from  the 
station*  "Wherever  either  of  these  conditions  come  in  the  three- 
phase  system  meets  the  conditions  better  than  the  two  phase.  There 
is  a  saving  of  25  per  cent,  in  the  expense  of  copper  so  far  as 
the  power  is  concerned,  and  if  the  power  load  is  considerable, 
the  lighting  load  can  be  simply  taken  and  put  all  on  one  phase 
as  the  three-phase  generator  is  capable  of  carrying  80  per  cent, 
of  full  load  three-phase;  and  one  does  not  have  to  balance  two- 
phases  or  three-phases  if  there  is  a  moderate  amount  of  power. 
All  stations  are  coming  to  more  use  of  pow.r  than  in  the  past. 
So  far  as  transformers  are  concerned  in  small  motors  of  10  or  15 
H.  p.,  two  transformers  are  generallv  used  for  a  motor.  Wher- 
ever power  is  used  in  the  buildings  there  are  less  cables,  less  wires, 
less  wiring  fixtures,  less  fuse  boxes,  and  even  the  switches  are 
three  pole  instead  of  four  pole. 
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I  have  known  of  a  number  of  cases,  in  the  laying  out  of  plants, 
where  a  customer  has  been  very  sure  at  first  that  he  wanted  a 
two-phase  machine,  but,  after  a  very  careful  study  of  the  matter, 
decided  that  he  would  prefer  a  three-phase  machine. 

Mr.  Pikbce  : — Do  I  understand,  Mr.  Ljman,  thjit  the  three- 
phase  machine  will  carry  80  per  cent,  of  its  rated  load  on  one 
phase  with  the  same  heating  it  would  have  with  the  full  load  on 
three  phases? 

Mb.  Lyman  : — It  carries  80  per  cent,  on  two  of  its  windings. 
If  we  take  a  single-phase  current  from  a  three-phase  generator, 
by  connecting  with  two  of  the  connector  rings  we  always  get 
two  of  the  three  windings  in  seriies,  although  they  are  120  degree 
instead  of  180-degree  phase  displacement. 

Mb.  Pieboe  :— ^Would  it  carry  80  per  cent,  of  its  load  with 
the  same  heat  limit  ? 

Mr.  Lyman  : — Yes ;  from  75  to  80  per  cent.  Some  of  our 
machines  will  carry  not  more  than  76  per  cent.,  but  most  of  them 
will  carry  80  per  cent. 

Mr.  Pierce  :~If  this  is  a  matter  of  experience, as  to  just  what 
per  cent.'these  machines  will  carry  on  one-phase,  I  would  like  to 
ask  Mr.  Lyman  what  his  experience  shows  a  two  phase  machine 
would  carry— what  per  cent,  of  its  total  load  it  would  carry  on 
one-phase  with  equal  heating. 

Mr.  Lyman  : — The  heating  in  one  coil  on  a  two  phase  machine 
would  be  one-half  of  its  rated  load.  In  the  two-pnase  machines 
the  winding  is  made  in  two  ways — one  of  them  is  a  continuous 
winding  and  the  other  (which  is  adopted  by  the  General  Electric 
Company)  consists  of  two  independent  windings. 

Mr.  Pierce:— When  you  speak  of  75  or  80  per  cent,  on  a 
three-phase  machine,  you  refer  to  a  machine  with  the  "  T  "  con- 
nection, I  presume? 

Mr.  Lyman: — Yes;  that  is  our  standard  connection  for  gen- 
erators, and  you  will  notice  that  there  is  only  one-third  of  the 
armature  winding  that  is  not  active  in  that  case. 

Mr.  Pierce: — So  yonr  comparison  is  between  a  <*Y"  con- 
nected  three- phaser  and  a  two-phaser  with  two  independent 
windings. 

Mr.  Lyman  : — I  have  no  data  on  the  two  phase  machine,  but 
our  tests  show  that  the  three-phase  machines  can  be  operated  in 
that  way. 

If  we  take  the  four- wire  "  Y  "  connected,  4,000-volt,  three- 
phase  machine,  my  statement  would  not  hold,  but  it  is  true  of 
our  standard  2,300- volt  machine.  Nor  do  I  think  it  wonld  hold 
good  on  a  continuous  winding  with  taps  brought  out.  I  think  it 
might  hold  good  on  a  delta  winding,  but  am  not  positive  about 
that.  In  that  case  there  is  one  circuit  in  nmltiple  with  two  cir- 
cuits in  series,  and  all  the  armature  windings  are  active  to  a  cer- 
tain extent. 

Mb.  Pierce  : — If  you  compare  the  continuous  winding  with 
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the  three  taps — three-phase — with  the  same  kind  of  connection, 
on  two-pliase,  would  not  the  two-phase  carry  more  current — a 
higirer  proportion  of  its  rated  load  with  the  same  lieat  limit  than 
three-phase? 

Mb.  Lyman  : — I  do  not  know.  I  should  not  he  surprised  ;  but 
I  do  not  know  what  it  would  do. 

Mr..  JuNKERSFELD  : — Docs  the  qucstiou  uot  resolve  itself  into 
this :  If  you  take  that  single-phase  cnrrent  at  4,000  volts,  you 
will  use  two-thirds  of  your  winding  approximately  ;  you  will  be 
able  to  take  out  approximately  two-tnirds  of  the  capacity,  and 
you  have  all  of  the  radiating  surface  to  help  you  out.  With  the 
continuous  winding  on  the  two-phase  machine,  you  would  have 
practically  one-half  the  copper  in  action  while  with  the  three-phase 
machine  you  would  have  only  one  third  of  the  copper  active  that 
is  carrying  somewhere  near  normal  current,  and  comparing  the 
two  continuous  windings,  the  three  phase  would  carry  a  larger 
proportion.  In  other  words,  it  depends  usually  upon  the  amount 
of  winding  you  have  active. 

Mr.  Lyman  : — In  the  case  of  the  continuous  winding  in  the 
three-phase  there  is  more  than  one-third  of  the  winding  that  is 
active.  All  the  winding  is  active  to  a  certain  extent,  but  there 
is  twice  as  much  current  in  one  branch  as  there  is  in  the  other. 
Thev  are  unequally  divided. 

Mk.  Damon  : — To  those  of  us  who  are  familiar  with  the  con- 
ditions in  Chicago,  Mr.  Ferguson's  paper  has  been  of  particular 
interest,  and  I  am  sure  we  all  share  an  admiration  of  the  re- 
sults which  have  been  accomplished  by  the  Chicago  Edison 
engineering  organization.  But  when  the  rotary  converter  stor- 
age battery  sub  station  system  of  distribution  is  considered  in 
general  without  the  influence  of  local  conditions,  I  am  certain 
that  most  of  us  feel  that  this  system  is  far  from  ideal. 

Under  the  present  condition  of  excessive  cost  of  alternating 
current  equipment  the  advantage  of  the  alternating  current 
motor  will  seldom  justify  the  extra  investment  its  installation 
entails,  and  this  is  the  reason  that  at  the  present  time  I  am  a 
friend  of  the  direct  current  motor,  but  competition  will  lower 
the  price,  and  I  believe  that  eventually  the  development  and 
universal  adoption  of  the  alternating  current  motor  will  remove 
one  of  the  present  excuses  for  the  rotary  converter  sub-station. 

Our  office  lias  always  been  a  friend  of  the  storage  battery,  and 
we  are  glad  to  sliare  with  our  accumulator  friends  the  satisfaction 
in  seeing  its  advantages  fully  realized  and  appreciated.  The 
adaptability  of  the  storage  battery  to  the  sub-station  system  of 
distribution  goes  a  long  way  toward  justifying  this  complicated 
arrangement.  When  we  stop  to  consider,  however,  the  high 
first  cost,  the  inefficiency  in  operation  and  the  inherent  complica- 
tion of  the  entire  scheme,  there  are  few  of  us  willing  to  agree 
that  the  sub-station  system  is  a  logical  engineering  solution  of 
the  distribution  problem. 
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The  rotary  converter  sub-station  has  been  widely  adopted  for 
long-distance  electric  railroads,  and  it  is  in  this  class  of  service 
that  the  development  of  alternating  current  motors  is  sure  to 
have  its  most  marked  effect.  There  seems  to  be  nothing  in  any 
of  the  papers  under  discussion  this  evening  on  distribution  for 
railroao  work,  and  it  is  only  because  some  of  the  papers  refer  to 
future  developments  that  I  take  the  liberty  of  introducing  the 
subject. 

It  is  in  electric  railroad,  and  in  particular  high  speed  electric 
railroad  work,  that  the  rotary  converter  sub-station  system  de- 
velopes  its  most  serious  limitations.  This  system  was  originally 
adopted  to  cut  down  the  investment  in  conductors,  and  to  allow 
the  concentration  of  generating  machinery  in  large  central  sta- 
tions. Sub-stations  were  at  first  placed  about  twelve  miles  apai-t, 
then  ten,  then  eight,  and  as  the  size  and  number  of  trains  are 
increasing  it  is  found  desirable  to  design  some  roads  with  a  sub- 
station every  six  miles.  With  this  arrangement  the  accelerating 
of  passenger  trains  weighing,  say,  60  tons,  to  a  speed  of  sixty 
miles  per  hour  in  a  period  of  sixty  f^econds,  requires  so  much 
power  that  the  first  investment  in  substations  and  conductors 
limits  the  commercial  success  of  the  proposition,  while  the  mov- 
ing of  freight  in  large  quantities  is  highly  impracticable. 

All  requirements  point  to  the  necessity  of  developing  the 
alternating  current  motor  for  railway  work,  and  a  study  of  the 
conditions  indicates  that  the  alternating  current  should  be  taken 
direct  to  the  car  and  at  a  high  tension  in  order  to  avoid  a  com- 
plicated inefficient  and  costly  distributing  system. 

I  thoroughly  agree  with  Mr.  Ferguson's  opening  and  closing 
sentences,  that  we  must  look  toward  the  future  and  must  have  a 
simple,  universal  system  of  generation  and  distribution.  For 
this  reason  I  am  of  the  opinion  that  in  course  of  time  there  will 
be  developed  apparatus  which  will  do  away  with  the  necessity  of 
the  rotary  converter,  storage  battery  sub  station  system. 

Mb.  Foster  : — I  came  here  simply  to  listen  to  the  papers,  but 
was  too  late,  I  find.  I  have  been  very  much  interested  in  some  of 
the  remarks,  however. 

I  think  Mr.  Damon  has  hit  the  nail  on  the  head,  and  that  the 
alternating  current  is  the  system  we  are  going  to  look  forward 
to  and  get  good  results.  I  do  not  think  the  time  is  far  off  when 
we  will  see  alternating  cnrrent  motors  on  street  cars ;  in  fact,  I 
was  talking  with  a  gentleman  not  long  since  who  is  preparing 
his  patent  papers  now  on  a  device  which  I  think  is  going  to  be  a 
step  in  that  direction,  and  we  may  see  some  results  in  that  line. 

Mb.  Osthoff  : — I  would  like  to  ask  Mr.  Damon  if  he  really 
believes  this  alternating  current  is  going  to  be  so  universal  as 
that  it  will  be  used  on  interurban  city  railway  work  ^ 

Mr.  Damon  .• — I  will  say  that  the  present  idea  would  be  to  use 
a  high  tension  for  interurban  work  and  low  tension  for  urban 
work,  and  when  the  cars  reach  the  city  lines  to  use  the  low  ten- 
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sion,  direct  on  the  motors  without  a  transformer  between  the 
trolley  and  the  motor. 

Mb.  Ball  : — That  brings  up  the  question  of  changing  millions 
of  dollars  worth  of  work  for  the  sake  of  an  idea.  In  regard  to 
the  use  of  alternating  current  on  street  car  work,  of  course  it  has 
been  done  in  Europe ;  there  are  two  or  three  systems  there,  I 
believe,  but  I  think  the  matter  was  summed  up  in  a  discussion 
by  Mr.  Steinmetz  sometime  last  spring  (see  Transactions  of 
March  22, 1901,  p.  383).  1  cannot  at  this  time  bring  out  all  the 
points  he  did  there,  but  he  pointed  out  very  clearly  in  that  dis- 
cussion the  different  points  to  be  overcome. 

As  to  the  matter  of  distribution  systems,  whether  we  should 
use  alternating  or  direct  current  for  general  work,  it  is  a  ques- 
tion, according  to  my  mind,  of  compromise.  Of  course,  in  Mr. 
Ferguson's  paper,  he  has  done  the  only  thing  that  could  be 
done,  because  he  had  such  an  ext-ensive  three-wire  direct  current 
system  here. 

There  is  no  doubt  that  the  generator  in  the  station  should  be 
an  alternating  generator — possibly  in  some  cases  it  could  be  a 
double  current  generator — and  as  Mr.  Scott  stated  in  his  paper, 
I  think  it  would  be  well  to  make  as  few  transformations  as  possi- 
ble and  to  use  the  alternating  current  forall  mcandescent  lighting; 
and,  in  fact,  everything  except  street  railways  and  special  motor 
service,  such  as  elevators  or  variable  speed  motors,  which,  up  to 
the  present,  have  not  given  satisfactory  service  with  the  alternat- 
ing current. 

In  the  arc  light  system  it  is  a  question  whether  we  should  use 
60-cyc)e  alternating  current,  or  whether  we  should  use  ti5-cycle 
with  synchrouous  motor  and  direct  current  arc  machines.  Per- 
sonally I  prefer  the  latter  for  two  reasons :  One  is  that  the 
efficiency  of  the  lamp  is  better  as  a  light-giving  mechanism,  and 
the  other  is,  that  the  percentage  of  the  load  required  by  the  arc 
lights  is  generally  so  small  that  it  would  pay  to  use  the  25-cycle 
system.  As  I  said  before,  it  is  a  question  of  compromise  and 
conditions  in  the  different  problems  we  have  to  face. 

Mr.  Damon  : — In  regard  to  the  efficiency  of  this  distribution 
system,  Mr.  Ferguson  gives  the  efficiency  of  pretty  nearly  80  per 
cent.  1  suppose  that  includes  the  step-up  transformers  from 
the  double  current  generators. 

Mr.  Junkersfeld:— Yes,  that  includes  the  transformers.  Eighty- 
two  per  cent,  is  the  k.  w.  h.  efficiency  and  not  the  max  jnum  or 
k.  w.  or  rated  load  efficiency.  This  figure  will  be  considerably  im- 
proved during  the  year  as  larger  rotary  converters  and  line  volt- 
age generators  are  put  in  service. 

Mr.  Cravath  :  —Of  course,  the  efficiency  of  any  polyphase  sys- 
tem of  distribution  at  this  time  is  dependent  very  largely  on  the 
size  of  the  distribution.  I  happened  to  be  looking  into  the  figures 
of  a  large  railway  plant  this  summer — polyphase  distribution — 
where  the   efficiency  reached  as  high  as  90  to  91  per  cent.,  from 
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the  bus  bars  of  the  generator  plant  to  the  busbars  of  the  substation 
In  that  case  there  were  no  step-iip  transformers.  I  had  occasion 
recently  to  look  into  an  interurban  road,  coverinor  a  good  many 
miles  into  the  country,  having  numerous  sub-stations,  where  the 
efficiency  reached  was  a  little  lees  than  20  percent. 

Mr.  Pierce: — I  agree  with  whet  Mr.  Damon  says,  that  we 
ought  to  build  for  the  future,  and  I  believe  with  him  that  any- 
thing that  is  complicated  will  have  to  pass  away,  but  the  prob- 
lem, in  a  large  city  is,  to  a  large  extent,  '*makingthe  punishment 
fit  the  crime,"  and  in  a  problem  which  we  just  now  have  before 
us  of  putting  in  a  12,000  h.  p.  plant  which  is  to  furnish  arc  ser- 
vice, tnree-wire  system,  alternating  lighting,  and  500-volt  power 
service,  we  have  found  it  necessary  and  desirable  to  keep  all 
of  these  varieties  of  service  and  distribute  them  substantiallv  in 
the  same  manner  in  the  future  as  we  have  in  the  past.  There 
has  been  some  criticism  made  of  engineers  who  simply  figure 
the  cost  of  power  on  the  bus  bar,  but  after  all,  the  nearer  you 
get  back  to  the  coal  pile  the  more  you  can  save,  and  the  best  sta- 
tion is  the  one  in  which  you  produce  kilowatts  at  the  least  cost, 
and  then  distribute  so  as  to  get,  in  the  first  place,  reliability;  in 
the  second  place,  good  regulation  ;  and,  lastly,  as  good  economy 
as  possible.  In  the  case  which  we  have  just  had  at  hand 
we  put  in  three-phase  25-cycle  generators  which  will  do  for  both 
the  present  and  the  future,  and  the  nearest  we  got  to  anticipat- 
ing an  alternating  distribution  for  down-town  lighting  was  to 
put  in  three-conductor  cables  for  feeders.  The  rest  of  it  was  the 
straight  three- wire  direct  current  system. 
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[Communicated  after  Adjournment  by  D.  W.  Roper.] 

The  statement  of  Mr.  Stott  in  his  paper  read  November  22 
that  ^'  the  loop  test  is  not  applicable  to  any  conductor  larger 
than  Ko.  9  B  &  S.  gauge,  and  therefore  of  no  value  for  lighting 
and  power  purposes/^  is  radically  opposed  to  the  experience  of 
the  writer,  who  has,  for  over  three  years,  used  a  loop  test  with 
entire  success  on  cables  of  150,000  cm.  and  1,000,000  cm. 
The  connections  used   in   making  the  test  are  shown  in  Fig.  1. 


N 


Fig.  1. 


H.  is  the  grounded  conductor  which  is  connected  at  its  end  to 
the  good  conductor  n  by  means  of  the  loop ;  b  a  is  a  direct  cur- 
rent exciter ;  o  is  a  reversing  switch ;  r  s  is  an  auxiliary  re- 
sistance ;  v  is  a  Weston  voltmeter  with  a  5-volt  or  a  15-volt 
scale.  One  terminal  of  the  voltmeter  is  connected  to  the  lead 
covering  of  the  grounded  cable. 

A  point  z  is  found  on  the  resistance  r  s,  so  that  the  voltmeter,  v, 
reads  zero.  Readings  are  then  made  of  the  voltages  r  z  and  s  z. 
The  above  operations  are  then  repeated  with  the  switch,  o,  re- 
versed. 

Then  if  a  =  mean  of  two  readings  r  z, 
ft  =      "      "      "  "        s  z, 

I  =  length  of  cable, 
X  =.  distance  from  end  of  cable  to  fault 


=  (r^^) 


The  first  attempt  to  make  a  loop  test  in  the  ordinary  manner 
proved  the  impossibility  of  making  any  test  of  this  nature  which 
required  the  fault  to  carry  any  appreciable  amount  of  current 
at  a  low  voltage.     The  connections  were  then  changed  so  that 
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the  conductors  carried  the  testing  current.  The  method  was 
then  tried  on  a  feeder  which  had  been  installed,  but  was  not  in 
service.  An  artificial  ground  was  made  by  opening  a  joint,  and 
grounding  one  conductor  with  a  wire.  Then  a  test  made  in 
the  day-time  missed  the  actual  location  by  abont  3  or  4  per  cent. 
A  test  made  between  1  a.m.  and  5  a.m.,  had  an  error  within 
the  errors  of  observation  on  the  Weston  voltmeter.  But  after 
a  few  nights'  experience  in  testing  at  this  hour,  there  was  felt  to 
be  a  very  pressing  need  for  a  method  that  could  be  used  in  day- 
light. The  scheme  of  reversing  the  testing  current  at  the 
cable,  and  using  the  mean  of  the  voltmeter  readings  was  then 
tried,  and  several  readings  were  taken  to  insure  greater  accuracy. 
As  this  method  assumes  the  current  in  the  ground  return  of  the 
electric  railways  is  the  same  for  each  set  of  readings,  it  is  natur- 
ally not  quite  so  accurate  as  a  test  made  with  no  current  in 
the  ground  return.  But  when  the  average  of  several  readings 
is  taken,  the  actual  error  as  found  in  practice  is  still  only  a  frac- 
tion of  one  per  cent.  For  a  time  records  were  kept  of  the  loca- 
tion of  the  faults  as  determined  by  test,  and  the  actual  location 
as  found  by  the  repair  gang.  A  number  of  these  records  are 
given  in  the  following  table  : 


Length 

Si*e  of 

Location 

Actual 

Errar 

of 

Kceder, 

by 

in 

Feeder. 

C.  M. 

Test. 

Location. 

Per  cent. 

5,805   ft. 

1,000,000 

493    ft. 

488    ft. 

:3 

5.967  ;; 

1,000,000 

5,533    " 

5,538     " 

4.67-»  ;; 

150,000 

311 

aoa    *' 

.«6 

4,673  " 

'* 

3,186    *• 

3.«9«     " 

.XX 

4,37a 

40 

la    ** 

•»3 

The  locations  of  the  grounds  are  measured  from  the  end  of  the 
feeder. 

At  the  time  this  table  was  compiled,  the  two  tests  on  1,000,- 
000  cm.  cable  which  are  given  were  the  only  ones  that  had 
been  made.  In  one  of  them  the  total  voltage  on  the  cable  was 
about  seven  volts,  and  the  difference  in  the  voltmeter  readings 
on  the  auxiliary  resistance  with  the  current  in  the  cable  reversed 
was  over  two  volts.  This  difference  averages  about  1.5  volts 
with  a  range  from  0  to  2.5  volts,  and  is  fairly  constant  during 
the  several  readings  of  any  one  test.  The  current  used  varies 
from  10  to  90  amperes,  and  depends  on  the  length  and  size  of 
the  cable,  and  is  selected  of  such  a  value  as  will  give  a  large 
scale  deflection  on  the  Weston  voltmeters  available.  These 
voltmeters  have  scales  of  5,  15  and  150  volts. 

No  special  apparatus  whatever  has  been  used  in  making  these 
tests.  The  few  switches  required  were  found  in  the  store-room. 
The  testing  laboratory  furnished  the  instruments.     One  of  the 
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station  exciters  was  used  to  supply  the  current.  The  exciter 
armature  leads  were  tapped  between  the  machine  and  the  switch- 
board. A  double  throw-switch  is  inserted  in  the  exciter  field 
circuit  and  so  connected  that  when  the  switch  is  in  one  position, 
the  machine  is  self-excited  in  the  ordinary  manner ;  with  the 
switch  in  the  other  position,  the  machine  is  separately  excited 
from  the  other  bus-bars,  and  the  field  circuit  is  led  tnrough  a 
rheostat  at  the  testing  bench.  For  the  auxiliary  resistance  we 
used  two  discarded  tield  rheostats  placed  in  series  to  secure  a 
larger  number  of  divisions.  If  the  actual  zero  happens  to  be 
between  two  of  the  contacts  on  the  rheostat  dial,  a  little  resist- 
ance is  cut  out  of  one  of  the  rheostats  by  moving  the  handle 
until  the  zero  point  is  on  one  of  dial  contacts. 

The  time  required  for  taking  the  readings  and  figuring  the 
results  should  not  exceed  twenty  minutes.  It  is  frequently 
necessary  to  break  down  the  insulation  at  the  fault  by  the  ap- 
plication of  high  pressure,  in  the  manner  described  by  Mr. 
Stott.  When  the  cable  tester  has  been  notified  of  a  grounded 
cable,  he  is  expected  to  make  his  connections,  readings  and  cal- 
culations, and  report  on  the  location  of  the  fault  inside  of  an 
hour,  unless  there  is  a  delay  in  the  looping  together  of  the  ends 
of  the  feeder. 

The  method  described  is  obviously  of  no  value  when  the  cable 
is  entirely  severed  by  the  burn-out. 


[COMMTJNICi^TED  AFTER  ADJOURNMENT  BY  W.  B.  GoLDSBORODOH.] 

Supplementing  the  discussion  upon  Mr.  Scott's  paper  I  offer 
the  following  matter  bearing  upon  the  performance  and  effi- 
ciency of  direct  current  and  induction  motors.  The  curves  pre- 
sented when  studied  in  connection  with  the  very  interesting  set 
of  curves  shown  by  Mr.  Dunn  will,  I  trust,  throw  additional  light 
on  the  relative  merits  of  these  very  necessary  auxiliaries  to  the 
distribution  of  power  by  electricity. 

If  we  turn  to  a  consideration  of  the  relative  efficiency  of 
transmission  in  the  several  systems  which  are  used  for  the  elec- 
trical distribution  of  power  we  find  that  when  the  same  maximum 
difference  of  potential  is  maintained  between  wires,  and  the  same 
weight  of  copper  used  in  each  case,  the  losses  will  be  to  one  an- . 
other  as  the  following  percentage  values,  the  losses  in  the  direct- 
current  system  being  taken  as  100 : 

Direct -current  distribution,  two  wires 100 

Single-phase  current  distribution,  four  wires 100 

Two-phase  distribution,  four  wires 100 

Two-phase  distribution,  three  wires  (reckoning  the  voltage 

between  lines  and  common  returns) 72.8 

Thxee-phase  distribution,  three  wires  (mesh  connection) 76 
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An  equitable  compariBon  of  performance  by  motors  necessitates 
the  elimination,  in  so  far  as  possible,  of  all  outside  considera- 
tions which  affect  the  consistency  of  the  conclusions  arrived  at. 
It  is  my  purpose,  then,  to  eijuate  the  results  of  tests  upon  mo- 
tors, first,  on  the  ba^is  of  a  uniform  maximum  potential  of 
600  volts ;  second,  on  the  basis  of  the  same  weight  of  copper 
being  used  in  the  lines,  and  make  these  two  assumptions  the 
basis  of  comparison  between  the  currents  taken  by  the  different 
machines.  In  line  with  these  assumptions  take  r  as  representing 
the  resistance  of  the  line  copper,  supposing  it  to  be  made  into  a 
single  conductor  extending  over  the  distance  between  the  points 
connected  in  the  transmission ;  then  four  times  r  will  equal  the 
total  resistance   of  the  outgoing  and  returning  transmission  wires 
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Fig.  1. — Efficiency  and  Current  Consumption  of  Direct  Current  Motors. 

when  direct-current  motors  or  single  phase  alternating  current 
motors  are  used.  Kine  times  r  will  ecjual  the  total  resistance  of 
the  transmission  lines  fnr  operating  three-phase  motors,  since  each 
of  the  three  wires  will  have  one  tliird  the  cross-section  and  three 
times  the  resistance  of  the  initial  single  conductor ;  and,  finally, 
sixteen  times  r  will  be  the  total  resistance  of  the  transmission 
wire  when  two-phase  motors  are  used,  since  this  transmission  will 
necessitate  having  four  lines,  the  cross-section  of  each  of  which 
will  be  one-fourth  of  that  of  the  initial  conductor,  while  the  resist- 
ance of  each  will  be  four  times  that  of  the  initial  conductor. 
Therefore  the  losses  in  the  several  transmitting  systems  will  be  as 
follows,  assuming  the  same  amount  of  power  to  be  transmitted 
in  each  case : 

For  d.  c.  and  a.  c.  single  phase 

4  r  7*1  =  (2  y^  T 
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For  a.  c.  three  phase 

9  r  /»,  =  (3  7,  )»  r 
For  a.  c.  two  phase 

16  r  1\  =  (4  ia)  r 
From  which  the  equivalent  current  values  are  to  one  another  as 
2  /d  :  3  y,  :  4  7,  or  as  7d  :  1-5  A  :  2  7, 

Therefore  in  comparing  the  characteristics  of  direct-current  and 
induction  motors  the  current  values  must  be  multiplied  by  the 
following  constants  ; 

The  direct-currents  \>j 1 

The  single-phase  a.  c.  currents  hj 1 

The  two-phase  a.  c.  currents  by 3 

The  three-phase  a.  o.  currents  by \\ 
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Pig.  2.— Efficiency  and  Current  Consumption  of  Induction  Motors. 

This  method,  conseqaently,  equates  the  currents  in  the  ratio 
of  the  square  roots  of  the  line  losses,  and  gives  values  that  are 
equivalent  to  the  tax  for  current  which  is  imposed  upon  the  trans- 
mitting svstem  by  the  motors  of  each  class. 

To  give  point  to  the  discussion,  we  will  confine  our  attention 
to  types  which  may  be  classed  as  moderate  speed,  constant  po- 
tential motors.  In  doing  this  we  eliminate  all  types  known  as 
slow-speed  motors,  whether  they  be  for  direct  or  alternate  cur- 
rent working.  It  is  desirable  to  do  this,  since  the  moderate 
speed  ratings  in  all  types  have  fortunately  given  rise  to  motors, 
the  speeds  of  which,  for  given  powers,  are  very  nearly  the  same 
in  each  class. 
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In  Fig.  1  we  have  two  curves  shown.  The  upper  one  illus- 
trates the  variations  which  occur  in  the  full-load  efficiency  of  direct- 
current  motors  up  to  lOO-horse  power.  This  efficiency  curve 
has  been  plotted  from  the  results  of  tests  made  upon  machines 
which  are  the  output  of  three  of  the  best  American  factories. 
The  number  of  tests  cited  is  indicated  by  the  plotted  points. 
It  will  be  seen  that  the  variation  in  the  efficiency  of  standard 
moderate  speed  motors  hardly  exceeds  2  per  cent,  in  any  given 
size,  which  is  a  sufficient  indication  that  manufacturers  have 
finally  arrived  at  practically  a  uniform  standard  in  the  design  of 
direct-current  motors.  The  lower  curve  shows  the  full-load  line- 
currents  taken  by  the  several  motors. 

In  Fig.  2  we  have  a  similar  set  of  curves  applying  to  induction 
motors.     Here,  however,  it  is  necessary  for  us  to  separate  the 
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Pio.  8. — Pull  Load  Power  Factors  of  Induction  Motors. 

motors  into  three  classes.  Accordingly  the  dotted  efficiency  curve 
gives  the  average  results  of  the  performance  of  twenty-live  cycle 
American  induction  motors,  ranging  in  capacity  from  5  to  "lOU 
horsepower.  The  dot  and  dash  efficiency  curve  gives  similar  re- 
sults from  American  sixty-cycle  motors.  The  full  line  efficiency 
curve,  however,  gives  the  results  of  tests  made  upon  fifty-cycle 
European  induction  motors.  From  these  curves  it  appeal's  that 
in  so  far  as  American  motors  are  concerned,  standard  construc- 
tion gives  rise  to  higher  efficiency  in  low  frequency  machines  than 
in  high  frequency  machines.  The  Euro})ean  motors  show  uni- 
formly a  higher  full  load  efficiency  than  the  American  motors. 
At  first,  this  would  seem  to  be  a  point  of  superiority.  It  is, 
however,  a  point  to  be  debated,  as  by  reference  to  Fig  3,  it  will  be 
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found  that  the  power  factors  of  these  European  motors  at  full 
load  are  considerably  lower  than  the  power  factors  of  AnoLerican 
motors  at  full  load.  The  performance  of  standard  induction  mo- 
tors clearly  indicates  that  we  can  not  have  both  high  full  load  effi- 
ciency and  high  power  factor,  and  the  American  engineer  ap- 
pear to  have  decided  in  favor  of  the  latter  rather  than  the 
former. 

Fig.  4  shows  the  apparent  efficiency  of  the  three  types  of  in- 
duction motor  already  referred  to.  Fig.  4  shows  that  the  appa- 
rent efficiency  of  the  twenty-live  cycle  American  motors  and  the 
fifty-cycle  European  motors  follows  practically  the  same  varia- 
tions with  change  of  capacity,  althougli  in  the  case  of  the  former 
the  power  factor  is  relatively  high,  and  in  the  latter  the  power 
factor  is  relatively  low  ;  inverse  relations  existing  between  their 
efficiencies.  The  apparent  efficiency  of  an  induction  motor  is 
important.     The   capacity   of  prime  movers  is  usually   gauged 


■ 

_.. 

■ 

1 

1 

1 

, — ] 

^     — 

; — 

—  i— -i 

i 

Han 

1 

r*^ 

• 

--- 

— - 

\ 

i 

1 

^ 

■ 

-i^' 

-- 

' 

3 
U. 

^ 

^/ 

rX" 

..._.„ 

,-- — 

-4  -- 

--- 

K 

/ 

\ 

V"*"^" 

E 

Hi 

'     / 

•  > 

f"' 

^    1 

I 

1  - 

1 

1 

1 

z 

it!  75 

'    1 

t 

t 
1 

? 

1 
1 

• 

9 

-28  CYCLE 
-50  CYCLE 

AMERICA^ 
EUROPEAr 

1 

o. 



z 

1 

1 

1 

g6» 

1  i 

i 

o 

1 

.60  CYCLE 

AMERICAN 

i 

--- 

t 



1/ 

I 
j 

-- 

.'/ 

1 

1 

1 

! 

• 

— 

60 

! 

1 

H.  P.   OUT  PUT 


Pig.  4. — Apparent  EflRciency  of  Induction  Motors  at  Pull  Load. 

by  the  actual  power  required  to  operate  the  motors.  The  capa- 
city of  electric  generators  supplying  power  to  induction  motors 
cannot,  however,  be  rated  in  this  way.  Their  capacity  is  fixed 
on  the  basis  of  the  apparent  watts  taken  by  the  motors  instead 
of  the  real  watts  taken  by  the  motors,  since  they  are  required  to 
supply  the  necessary  voltage  as  well  as  the  necessary  current. 
Their  armatures  nmst,  therefore,  be  lar^e  enough  to  prevent  the 
lagging  currents  in  the  system  from  causing  overheating. 

As,  so  far,  onl}'  full  load  values  have  been  discussed,  it  may 
be  well  to  consider  for  a  moment  the  variations  that  occur  in  the 
characteristics  of  high  and  low  |x>wer  factor  machines  for  all 
conditions  of  load.     Take,  then,  for  example,  the  curves  shown 
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in  Fig.  5.  The  full  lines  represent  the  performance  of  a  two 
phase,  50-hor8e  power  Westinghoase  induction  motor,  while  the 
dotted  lines  represent  the  performance  of  a  SO-horsc  "power 
European  motor  made  by  the  Allgemeine  ('ompany.  The  char- 
acteristics of  the  machines  differ  chiefly  in  the  uivergence  which 
takes  place  between  the  efficiency  and  power  factor  curves.  For 
general  commercial  purposes  the  American  motor  shows  an  im- 
provement over  the  European  motor  in  that  it  will  affect  the 
regulation  of  the  system  less  both  at  light  loads  and  high  loads. 
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Fio.  0. — Comparative  Characteristies  of  European  and  Ameriaan  Indnction 

Motors. 

We  will  now  pass  to  the  consideration  of  the  composite  set 
of  curves  shown  in  Fig.  0.  We  have  here  an  assemblage  of  the 
efficiency  curves  of  both  direct  and  alternating-current  machines. 
These  curves  show  that  the  efficiencies  of  the  25-cycle  American 
motors  very  closely  approximate  the  efficiencies  of  the  direct- 
current  American  motors.  On  the  other  hand  the  60-cjcle  Am- 
erican motors  fall  somewhat  below  those  of  the  other  machines, 
a  fact  probably  to  be  accounted  for  by  the  higher  frequency  at 
which  they  operate. 
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The  curves  shown  in  the  lower  half  of  Fig.  6  are  quite  as  inter- 
esting as  those  appearing  above.  Here  the  real  currents  flowing 
in  direct  current  transmission  lines  are  given.  The  three-phase 
curve,  however,  represents  the  values  of  the  actual  three-phase 
currents  per  line  multiplied  by  1^,  and  the  two-phase  curve 
shows  the  actual  two-phase  line  currents  multiplied  by  two.    The 
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Fig.  6. — Relative  Efficiency  and  Current  Consumption  of  Direct  Current  and 

Induction  Motors. 


Fig.  7. — Comparative  Characteristics  of  Direct  Current  Motor  and  Induc- 
tion Motor. 

current  curves,  give  us,  therefore,  the  equivalent  values  for  the 
three  systems.  Prom  this  it  appears  that,  in  spite  of  the  power 
factor  which  is  to  the  disadvantage  of  the  three  phase  machines, 
the  equivalent  current  performance  of  these  mMciiines  is  some- 
what better  than  that  of  direct-current  machines.  Moreover,  it 
is  to  be  remembered  that  tiie  two-phase  currents  here  shown  re- 
late to  two-phase,  four  wire  distribution.     Should  the  equivalent 
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two-phase  current  curve  be  drawn  representing  the  operation  of 
two-phafie  motors  by  the  two-phase  three-wire  system,  the  result- 
ing equivalent  current  curve  would  also  fall  below  that  of  the 
direct-current  curve.  In  point  then  of  current  required,  the  in- 
duction motor  operating  at  full  load  does  not  seem,  in  its  per- 
formance, to  fall  l)elow  what  is  standard  in  connection  with  di- 
rect-current ujotors. 

To  enable  us  to  get  some  idea  of  the  relative  performance  of 
direct  current  and  mduction  motors  at  various  degrees  of  load- 
ing, the  curves  of  Fig.  7  are  given.  They  represent  the  per- 
formance of  two  motors  made  by  the  General  Electric  Company. 
One  of  these   developing   140-horse  power   is   a   direct   current 
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Fio.  8. — CoroparatiTe  Weights  of  Direct  Current  and  Induction  Motors. 

motor,  its  characteristics  being  shown  by  the  dotted  lines.  The 
other  is  a  150-horse  power  three-phase  induction  motor.  From 
these  curves  we  see  that,  in  point  of  slip,  while  the  direct  current 
motor  maintains  practically  a  constant  speed  from  no  load  to  full 
load,  the  induction  motor  suffers  at  full  load  a  reduction  in  speed 
of  2i  per  cent.  At  full  load,  we  find  that  the  equivalent  alter- 
nating current  taken  by  the  three  phase  motor  is  practically  the 
same  as  the  direct  current  taken  by  the  direct  motor.  At  low 
loads,  however,  the  equivalent  current  taken  by  the  alternating 
current  motor  is  over  twice  the  value  of  that  taken  by  the  direct 
current  motor,  so  that  the  performance,  in  point  of  current  con- 
sumption.of  alternating  current  motors  at  light  loads,  is  not  so 
good  as  the  performance  of  direct  current  motoi-s. 

On  the  other  hand,  if   we  consider  the  efficiency  curves,  we 
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find  that,  while  for  both  very  lio^ht  and  heavy  loads  the  efficiency 
of  the  direct  current  motor  is  better  than  that  of  the  alternating 
current  motor,  the  efficiency  of  an  alternating  current  motor 
shows  up  to  the  best  advantage  for  intermediate  loads,  above  and 
below  half  load.  Further  than  this,  the  curves  illustrate  very 
well  the  fact  that  it  is  possible  to  heavily  overload  an  alternating 
current  motor,  and,  at  the  same  time,  have  it  develop  excellent 
efficiency  and  power  factor  characteristics.  This  is  a  point 
directly  to  the  advantage  of  the  alternating  current  machine,  as, 
at  excessively  heavy  loads,  the  direct  current  machine  is  apt  to 
give  trouble  at  the  commutator. 

Other  elements  to  be  considered  in  connection  with  motor 
performance  are  those  bearing  upon  the  construction  of  the 
machines.  In  Fig.  S  are  exhibited  a  set  of  curves  and  plotted 
points  which  illustrate  the  relative  weights  of  direct  and  alternat- 
ing current  motors.  In  small  sizes  of  lO-horse  power  and  under, 
it  will  be  seen  that  the  weights  of  direct  and  alternating  machines 
are  very  nearly  the  same.  For  larger  powers,  however,  above 
30-horse  power,  the  alternating  current  motor  is,  as  a  rule,  con- 
siderably lighter  than  the  direct  current  motor.  In  point  of 
weight,  then,  the  alternating:  current  motor  has  a  distinct  advan- 
tage. As  far  as  the  general  construction  of  the  motors  is  con- 
cerned, the  same  degree  of  excellence  in  workmanship  and  insul- 
ation is  obtainable  in  each  class.  In  fact,  the  methods  of  manu- 
facture may  be  said  to  be  identical.  The  introduction  of 
the  commutator  into  the  direct  current  machine  is  the  point  of 
greatest  difference,  and  the  commutator  is,  by  many,  regarded  as 
the  weakest  point  in  direct  current  machines. 

If  we  make  a  general  review  of  what  has  been  said  concerning 
both  types  of  motors,  we  find  that,  in  point  of  construction,  the 
machines  are  on  very  equal  terms.  In  point  of  weight,  the  alter- 
nating current  machine  has  the  advantage.  I^n  point  of  full  load 
efficiency  and  equivalent  currents  taken  at  full  load,  there  is 
some  advantage  to  be  credited  to  the  direct  current  machines. 
In  point  of  efficiency  at  medium  loads,  the  average  performance 
of  standard  commercial  machines  shows  that  the  alternating 
current  motor  has  the  advantage  of  direct  current  motors.  At 
these  loads,  however,  the  equivalent  line  currents  taken  by  the 
alternating  current  motors  are  considerably  in  excess  of  the  cur- 
rents taken  by  direct  current  motors.  In  point  of  starting  torque, 
the  direct  current  motor  is  undoubtedly  superior  to  the  alter- 
nating current  motor  for  exceptionally  heavy  duty.  Against 
this  advantage  of  the  direct  current  motor  must  be  placed  the 
elimination  of  the  commutator  in  the  alternating  current  motor, 
which,  in  some  cases,  at  least,  might  make  it  worth  while  to 
install  a  SO-horse  power  induction  motor  in  order  to  obtain  the 
required  starting  torane,  where  otherwise  a  10-horse  power 
direct  motor  would  suffice. 
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It  must  further  be  remembered  that,  in  this  di^cussiou,  no  con- 
sideration has  been  taken  of  the  advantage  which  the  alternating 
motor  has  over  the  direct  current  motor,  which  is  given  to  it  by 
the  possibility  of  its  being  operated  from  high  voltage  mains. 
In  making  this  comparison,  tlie  conditions  have  necessarily  been 
limited  to  those  existing  in  tields  in  which  they  may  fairly  be 
considered  as  competitors. 
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JAMES    HAMBLET. 

James  Hamblet  was  born  at  Boston,  June  16,  1824,  and  died 
of  pneumonia  in  Brooklyn,  N".  Y.,  January  2,  1900.  He  was 
elected  an  Associate  Member  of  the  Institute,  November  1, 
1887,  and  transferred  to  Membership,  December  6, 1887. 

Mr.  Hamblet  had  becomeoue  of  the  most  accomplished  mechani- 
cians of  the  day  in  1853,  when  he  took  service  with  William 
Bond  &  Son.  of  Boston,  for  whom,  during  the  following  nine 
years,  he  constructed  marine  chrononjieters,  regulators  for  noting 
sidereal  time,  and  the  many  other  accessories  of  an  observatory, 
requiring  in  their  construction  the  highest  skill  of  the  horolo- 
gist's  art.  His  name  is  found  upon  the  observatory  apparatus  at 
Harvard  and  Columbia,  and  wherever  the  great  telescopes  of  tlie 
fifty  years  past  have  been  placed. 

He  was  next  associated  in  Bt>ston  for  eight  years  with  Benjamin 
Franklin  Edmands,  in  the  manufacture  of  electrical  apparatus, 
under  the  firm  name  of  Edmands  &  Hamblet — a  business  which, 
between  1862  and  1870,  extended  but  little  beyond  telegraphic 
appliances.  About  1868  this  firm  manufactured  for  the  Laws 
Reporting  Telegraph  of  New  York  City  a  few  small  gold  in- 
dicators of  a  new  design,  intended  for  desk  use,  which,  at  that 
time,  were  considered  of  very  superior  workmanship.  In  this 
art  there  was  not  an  equal  opportunity  for  the  exercise  of  the 
mechanician's  skill ;  but  it  was  a  step  gained  for  science  that 
such  a  man  had  dropped  a  pursuit,  in  which  he  had  become  adept, 
to  master  another  with  his  peculiar  thoroughness. 

It  is  seldom  that  two  distinct  arts  have  been  brought  closer 
together  than  were  horology  and  telegraphy  within  his  hands. 
Not  only  were  they  so  united,  but  they  were  made  close  neigh- 
bors within  the  astronomical  observatory,  for  it  was  through 
astronomy  and  the  machinery  of  an  observatory  that  he  had  found 
his  way  into  the  field  of  horology. 

From  telegraphy  Mr  Hamblet  returned  to  horology.  For  the 
following  six  years  (1870-1876)  he  was  in  charge  of  a  half  of  E. 
Howard  &  Co.'s  large  works  at  Boston,  and  there  his  skill  was 
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once  more  applied  to  the  building  of  astronomical  regnlators 
and  the  higher  class  of  clocks.  Aeain,  in  1876,  he  returned  to 
the  manufacture  of  electrical  instruments,  having  been  ap- 
pointed manager  of  the  Electrical  Construction  Company  of 
California,  and  for  the  following  two  years  his  home  was  in  San 
Francisco.  Few  men  have  been  better  prepared  for  a  pai*ticular 
work,  and  it  was  characteristic  of  Mr.  liamblet  that  he  was 
always  a  most  enthusiastic  laborer  in  whatever  field  he  was  en- 
gaged. It  is  hardly  ])robable  that  Mr.  Hamblet  served  one  ap* 
prenticeship  after  another  merely  to  prepare  himself  for  his  later 
work ;  but  the  twenty-five  years  thus  occupied  by  a  man  of  his 
observation  and  inventive  faculty  must  have  wrought  from 
horology,  telegraphy  and  astronomy  some  new  art,  if,  among 
them,  a  new  art  might  be  found.  The  Time  System,  which  he 
established  in » 1878  for  the  Western  Union  Telegraph  Com- 
pany in  New  York,  was  a  product  that  was  natural,  if  not  in- 
evitable. The  conception  of  such  a  work  may  not  have  been 
new.  Its  essential  features  had  been  suggested  by  several  in- 
ventors. As  early  as  1841,  such  a  system  was  patented  by 
Alexander  Bain.  But  to  weave  together  the  arts  of  which  he 
was  master  into  another  in  a  manner  that  thousands  of  clocks 
throughout  the  country  might  be  cheaply  and  eifectually  timed 
from  a  distant  center  was  a  work  yet  left  for  a  man  adept  in 
horology,  who  was  acquainted  with  the  observatory  and  the 
telegraph. 

At  that  period  there  were  practically  two  standards  of  time 
maintained  by  private  concerns,  each  having  its  special  clientage. 
Hammond's  time  was  the  official  standard  of  the  Stock  Ex- 
change, while  Benedict  had  a  larger  following  in  the  railroad 
and  steamboat  fields.  Other  jewelry  firms  also  undertook  to 
provide  standard  time  for  their  customers.  It  was  in  this  very 
circle  that  Mr.  Hamblet  expected  to  build  up  a  business,  and  it 
was  quite  natural  that  there  should  have  been  some  reluctance 
on  the  part  of  his  future  subscribers  to  surrender  the  prestige 
which  they  had  attained.  His  association  with  the  Western 
Union  Telegraph  Company,  and  the  co  operation  of  the  National 
Observatory,  together  with  the  obvious  advantage  of  a  recog- 
nized universal  standard,  enabled  him  to  bring  about  a  complete 
revolution  in  the  method  of  time  distribution  then  existing.  As 
the  organizer  of  the  present  system  with  which  he  was  idetitified 
up   to   the   date   of  his  death,  Mr.  Hamblet  occupied  a  specia 
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field,  and  was  consequently  a  prominent  figure  in  telegraphic 
work.  His  ability  led  to  his  election  or  appointment  to  various 
offices  in  electrical  and  scientific  circles.  He  served  three  years 
as  a  Manager  and  two  years  as  a  Vice-President  of  the  American 
Institute  of  Electrical  Engineers,  was  President  for  ten 
years  of  the  electrical  section  of  the  Brooklyn  Institute  of  Arts 
and  Sciences,  a  highly  esteemed  member  of  the  New  York 
Electrical  Society  and  Old  Time  Telegraphers'  Association. 

Mr.  Hamblet  looked  upon  his  work  with  a  pride  that  was  more 
than  justified  by  its  success ;  and  at  the  end,  a  world  that  was 
friendly  to  this  modest  gentleman  rejoiced  that  he  had  been 
spared  a  score  of  years  to  view  the  results  of  his  beneficent 
labors  and  to  know  that  as  his  monument  they  might  occupy 
a  worthy  place  among  the  arts  of  the  century. 

R.  W.  P 


OOATES    WALTON    8WOOPE. 

Coates  Walton  Swoope,  who  has  been  an  Associate  Member 
of  the  Institute  since  January,  1898,  died  on  the  morning  of 
October  7,  1901,  at  the  age  of  31  years. 

He  was  bom  in  Tyrone,  Pa.,  in  1870 ;  but  in  early  childhood 
came  to  Philadelphia  with  his  parents.  After  graduating  from 
the  Manual  Training  Schools  of  the  city,  he  entered  the  Univer- 
sity of  Pennsylvania.  Before  the  end  of  his  course  there  he 
entered  the  expert  course  of  the  Edison  Company  at  Schenec- 
tady, N.  Y.,  and  completed  this  in  due  time.  After  a  brief 
interval,  in  which  he  was  engaged  in  expert  work  in  Philadel- 
phia, he  was  engaged  to  take  charge  of  the  Course  in  Applied 
Electricity  at  the  Spring  Garden  Institute,  which  had  been 
started  the  year  previous,  but  conducted  unsuccessfully. 

At  once,  on  assuming  control  of  his  work,  for  which  his  train- 
ing and  experience  had  peculiarily  fitted  him,  a  phenomenal  suc- 
cess was  attained.  Mr.  Swoope,  with  unflagging  energy  and 
amid  many  difficulties,  created  a  course  at  once  original  in 
methods  and  remarkable  in  results.  His  lectures  were  always 
profusely  illustrated  by  lantern  slides,  diagrams,  models  and 
experiments.  For  the  laboratory  work  Jie  conducted,  it  was 
necessary  to  build  special  instruments.  The  results  of  his  eflforts 
are  shown  in  the  products  of  the  Palmer  Electrical  Instrument 
Company,  of  which  firm  he  was  a  member,  as  w^ell  as  in  the  equip- 
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ment  of  his  laboratories.  For  use  in  his  class  work  he  wrote  a 
text-book:  '^Lessons  in  Practical  Electricity,"  which  has  been 
adopted  in  other  schools  as  well.  The  second  edition  of  this 
book  has  just  been  issued.     He  saw  it  just  before  he  died. 

Only  a  few  days  after  organizing  his  classes  for  the  present 
winter,  he  was  taken  suddenly  ill,  and  after  five  days'  sickness, 
passed  away. 

His  absorbing  interest  in  his  work  gave  him  little  time  for 
social  affairs.  He  liyed  for  his  course  of  study,  and  his  memory 
will  be  cherished  by  the  hundreds  of  students  who  understood 
his  vital  interest  in  them. 

Mr.  Swoope  was  a  member  of  the  Franklin  Institute.  He  was 
a  contributor  to  the  columns  of  the  Electrical  World  and  Engi- 
nf€r^  and  compiled  tlie  general  index  of  the  Flectrical  World 
of  18^2-189t>.  He  also  prepared  the  column  of  "  Industrial 
Science  Notes  "  for  the  Philadelphia  Ledger  for  several  years. 

A.  J.  R. 
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THE  INSTITUTE  CONVERSAZIONE. 

On  the  evening  of  April  12,  1901,  was  held  the  first  Con- 
versazione of  the  American  Institute  of  Electrical  Engineers  at 
Columbia  University.  The  Engineering  Building  and  Havemeyer 
Hall,  which  were  utilized  on  this  occasion,  were  courteously 
placed  at  the  disposal  of  the  Institute  by  the  University  authori- 
ties. The  Committee  on  Papers  and  Meetings  appointed  by  Presi- 
dent Hering  had  charge  of  the  arrangements,  and  to  different 
members  were  assigned  the  various  exhibits.  Other  details  were 
undenaken  by  the  Electrical  Engineering  Department  of  the 
University  and  directed  by  Dr.  Francis  B.  Crocker  and  Messrs. 
F.  Sever  and  Fitzhugh  Townsend.  The  affair  was  a  most  pro- 
nounced success  in  every  particular.  Over  1,200  invitations  had 
been  issued  and  900  people  attended.  Although  the  accompany- 
ing catalogue  gives  a  complete  list  of  the  various  exhibits  it 
cannot  do  justice  to  the  technical  interest  of  the  event  or  the 
brilliant  spectacular  effect  which  was  a  revelation  to  those  who 
had  no  previous  conception  of  the  magnitude  of  the  display. 

COMMITTEE  OF  ARRANGEMENTS. 

W.  S.  Barstow,  Chairman. 

Edward  Cai,dwei.i*,  T.  C.  Martin, 

W.  J.  Hammer,  Cai.vin  W.  Rice, 

R.  T.  E.  LoziER,  George  F.  Sever, 

Dr.  Francis  B.  Crocker. 

1.  Mr.  W.S.Andrews.- 

1.  Revolving  Spark  Experiment,  showing  osciUating  discharge  occurring 
rapidly  during  the  same  half  wave  and  proving  that  a  short  circuit  in  a 
high  potential  curcuit  containing  inductances  and  capacity  ruptures  itself 
instantly. 

2.  Luminous  Aluminum  Cell. 

2.  Mr.  E.  V.  Balllard.- 

1.  Faradmeter. — A  portable  and  convenient  instrument  for  measuring 
electrostatic  capacity. 

2.  Bridge  for  Measuring  Low  Resistances. 
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3-    Prof.  Georgre  F.  Barker  and  Prof.  Arthur  W-  Qoodspeed.— 

Radiographs  illustrating  special  features  of  Roentgen  ray  phenomena. 

4.  Mr.  Charles  L.  Clarke.— 

Synchronistn  and  Phase  Indicator  for  indicating  when  two  alternating 
current  machines  are  in  synchronism  and  the  phase  relations  of  their 
electromotive  forces.  It  is  also  applicable  for  showing  the  lag  of  a  current 
behind  the  electromotive  force,  either  in  the  same  or  another  circuit,  pro- 
vided they  have  equal  frequencies,  and  also  for  showing  the  phase  relations 
of  currents  of  the  same  frequency. 

The  instrument,  as  exhibited,  which  is  intended  for  use  in  lighting 
and  power  stations,  consists  of  two  synchronous  alternating  current  motors, 
which  respectively  drive  two  stroboscopic  disks,  the  stroboscopic  image 
formed  opposite  a  scale  indicating  when  the  generators  respectively  sup- 
plying current  to  the  motors  are  in  synchronism  or  nearly  so,  and,  in  the 
latter  case,  which  of  the  generators  is  running  at  the  greater  polar  speed. 
When  the  generators  are  in  synchronism,  the  stroboscopic  image  is  sta- 
tionary, and  its  position  relative  to  the  scale  indicates  the  degree  to  which 
the  electromotive  force  of  one  generator  leads  or  lags  behind  the  electro- 
motive force  of  the  other. 

5.  Mr.  A.  F.  Cllft.- 

Telpherage  System  for  the  transportation  of  freight  in  small  bulk,  ex- 
press matter,  mail,  etc.,  by  means  of  an  electric  motor  traveling  upon  an 
overhead  cable  obtaining  current  by  rolling  contact  with  a  lighter  wire 
above. 

6.  Dr.  Francis  B.  Crocker.— 

Magnetic  Liquids^  with  apparatus  in  operation  for  showing  the  mag- 
netic properties  of  liquids  and  for  measuring  their  permeability. 

7.  Mr.  H.  P.  Davis.  - 

Tivo  Sivitch-board  Panels^  showing  principally  a  phase  shifting  trans- 
former, a  power  factor  indicator,  a  synchronizer,  an  alternation  meter,  and 
various  new  indicating  and  integrating  instruments. 

8.  Prof.  W.  S.  Franklln.- 

Magnesia  Arc  Lamp. — An  electrolytic  lamp  on  the  Nernst  principle, 
operating  on  1,000  volts. 

O.    Dr.  William  E.  Oeyer.— 

Incandescent  Lamp  Experiments, — Experiments  employing  incandes- 
cent lamps  on  circuits  containing  self-induction  and  capacity. 

10.    Mr.  Caryl  D.  Haskins.— 

1.  Power  Factor  Indicator  showing  relation  between  real  and  apparent 
energy  in  an  alternating  current  circuit. 

2.  Single  Coil  Astatic  Instruments. — Instruments  which,  instead  of  using 
four  coils,  employ  only  one. 

1  I.    Mr.  Peter  Cooper  Hewltt.- 

High  Power  Electric  Light  from  Gases. 

1.  One  large  tube  lamp  500  to  1,000  candle-power  lighting  the  room, 
using  ordinary  115- volt  direct  current. 

2.  Experiments  illustrating  the  conduction  of  electricity  by  gases. 

3.  Apparatus  showing  the  relation  of  voltage  to  length  and  diameter  of 
tube. 
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1  2.    Mr.  William  J.  Hammer.- 

1.  European  ''  Nemst^^  and  other  Electric  Lamps,  It  is  expected  that 
certain  of  these  lamps  will  be  shown  in  operation  during  the  evening. 

2.  Mr.  Waldemar  Poulsen's  Telephonograph  or  Telegraphone^  exhibited 
by  Messrs.  Lemvig  Fog  and  Emil  S.  Hagemann,  of  Copenhagen,  Denmark, 
and  Mr.  William  A.  Rosenbaum,  of  New  York. 

The  apparatus  consists  of  a  brass  drum,  11  x  5  inches,  upon  which  is 
wound  piano  wire.  Resting  upon  the  wire  is  a  tiny  electromagnet,  which 
is  connected  to  a  carbon  telephone  transmitter,  a  couple  of  cells  of  battery, 
and  preferably  an  induction  coil  in  the  usual  manner.  When  the  trans- 
mitter is  spK)ken  into,  it  acts  as  a  tap  on  the  battery,  causing  currents  of 
varying  strength,  in  proportion  to  the  strength  of  the  sound  waves,  to  pass 
through  the  electromagnet.  The  current  causes  the  magnet  to  trans- 
versely magnetize  the  steel  wire  as  the  drum  revolves,  and  the  magnetic 
lines  of  force  are  permanently  recorded  therein.  After  the  steel  spiral  is 
filled — which  operation  takes  about  89  seconds,  and  permits  the  recording 
of  100  to  120  words — ^the  tiny  magnet  is  placed  in  its  original  position  and 
connected  with  a  Bell  receiving  telephone  ;  the  cylinder  is  again  revolved, 
and  as  the  magnetized  steel  wire  passes  before  the  poles  of  the  electro- 
magnet, it  forms  a  species  of  magneto-electric  generator,  giving  out  cur- 
rents of  electricity  of  a  strength  and  direction  corresponding  to  the  mag- 
netization of  the  steel  wire,  which  correspondingly  affect  a  Bell  telephone 
held  to  the  ear,  and  reproduce  the  sounds  and  words  originally  spoken, 
with  absolute  fidelity. 

In  addition  is  also  shown  the  band  form  of  telephonograph  and  a  dic- 
tation machine  for  office  use. 

8.  Collection  of  Aeronautical  Pictures^  comprising  photographs  of  Prof. 
S.  P.  Langley's  Aerodrome,  Sir  Hiram  S.  Maxim's  Flying  Machine,  Santos- 
Dnmont's  Dirigible  Air-Ship,  and  Count  Zeppelin's  Balloon  ;  together  with 
Baloon  tests  made  during  the  Aeronautical  Congress,  at  the  Paris  Ex- 
position of  1900,  and  by  the  Aero  Club  of  France.  Most  of  these  photo- 
graphs were  taken  by  the  exhibitor. 

13.  Mr.  A.  S.  Hubbard.- 
The  Gould  Storage  Battery, 

1.  Positive  and  Negative  Plates^  having  small  amount  of  active  material, 
which  have  gone  through  a  series  of  charges  and  discharges,  at  half -hour 
and  twenty  minutes  rates. 

2.  An  Automobile  Battery  Cell  with  a  "spinning"  giving  450  square 
inches  of  surface  per  pound  of  lead. 

8.  A  Positive  and  Negative  Plate  of  automobile  type  of  cell. 
4.  An  Unformed  Mate  with  delicate   "spinning,"  giving   144  square 
inches  per  cubic  inch  of  lead. 

The  feature  of  the  battery  is  the  increase  of  superficial  area  of  the 
plate  obtained  by  spinning  or  sp-ooving  with  rotary  knives,  which  force 
the  lead  up  between  them,  formmg  ribs  and  grooves  of  any  desired  dimen- 
sions. Each  rib  is  made  independent  by  tying  the  ends  with  the  main 
cross-bars,  and  not  depending  on  any  centre  conductor  or  support,  thus 
giving  a  low  internal  resistance. 

14.  Mr.  M.  R.  Hutchison.- 

Akouphone  and  Akoulalion. — Microtelephonic    instruments  so  con- 
structed as  to  reproduce  and  intensify  sounds   and  still  preserve  their 
quality. 
1  6.    Prof.  S.  P.  Langrley.— 

Bolofneter  Drawings  and  Diagrams  showing  construction  and  princi- 
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pies  employed,  Smithsonian  Reports  of  Astrophysical  Observatory,  Photos 
and  large  map  of  Solar  Spectrum.  Two  large  pictures  of  Aerodrome. 
(See  special  descriptive  matter  prepared  by  Prof.  Langley.) 

1  6.    Prof.  Frank  A.  Laws.— 

Radiographs  of  Alternating  Current  Wave  Forms  and  Oscillatory  Dis- 
charges.— These  radiographs  were  made  by  the  use  of  Cathode  ray  tubes  of 
the  Braun  pattern. 

1  7.    Mr.  Otto  T.  Louls.- 

1.  Electric  Furnace, — The  furnace  consists  of  several  terra  cotta  cylinders 
about  2  inches  in  diameter  and  ^  inch  thick,  around  which  is  wound 
platinum  wire  of  22  B.  &  S.  gauge.  The  wire  is  put  on  in  four  circuits,  so 
that  as  the  resistance  increases  with  the  heat  the  circuits  may  be  thrown 
from  series  to  parallel.  The  cylinders  have  longitudinal  and  vertical 
motions,  and  are  held  in  position  b.y  clamps. 

2.  Ohmmeter. — An  instrument  for  making  direct  measurements  of  elec- 
trical resistances,  from  10,000  to  10,000,000  ohms. 

3.  S5  ^"'-  Wimshurst  Influence  Machine. — This  is  shown  with  Prof. 
Ryan's  apparatus.     (See  paragraph  25,  page  921.) 

18.  Mr.  Herbert  Lloyd- 

C  liloride  Accumulators. 

Cells  of  a  special  form  of  Chloride  Accumulator  designed  for  traction 
purposes,  as  used  on  the  34th  Street  Cross-town  Line,  New  York  City. 
Exide  cells  for  vehicle  purposes.     Specimen  plates. 

19.  Mr.  H.  R.  Palmer- 

FaC'Simile  Picture  Telegraph  in  operation.  A  system  whereby  half- 
tone pictures,  sketches,  handwriting,  etc.,  can  be  transmitted  over  long 
distances,  employing  ordinary  telegraph  circuits.  The  original  picture  is 
enlarged  for  the  purpose  of  transmission  and  when  received  is  photo- 
graphically reduced  to  its  normal  size,  thus  giving  an  exact  reproduction 
of  the  original.  The  enlargement  is  for  the  purpose  of  obtaining  a  greater 
contact  surface  for  the  transmitting  stylus. 

20.  Messrs.    Frank    Perret,  J.   A.    Barrett  and  W.   H.   Meadow- 
croft.— 

Storage  Battery  made  on  a  unit  system,  whereby  cells  of  different  sizes 
are  built  up  of  universal  units  of  definite  capacity.  Purely  Plante  forma- 
tion. No  oxydizing  agents  are  used  and  nothing  but  pure  lead  sulphuric 
acid  and  water  are  employed  for  the  process  of  construction. 

21.  Dr.  Michael  I.  Pupln.— 

Original  Apparatus  used  in  developing  the  recent  invention  for  the 
improvement  of  long-distance  land  and  ocean  telephony,  consisting  in  the 
location  of  inductance  coils  in  the  line  at  distances  which  are  definite  small 
fractions  of  a  current  wave  length. 

22.  Col.  Samuel  Reber.  U.  S.  A.- 

1.  Wireless  Telegraphy  in  o'p^rsXion^  employing  methods  and  improve- 
ments as  worked  out  for  the  use  of  the  U.  S.  Government. 

2.  [\  S.  A.  lueld  Telephone  and  'Telegraph  Kit  used  in  the  Cuban  and 
Philippine  campaigns. 
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23.  Mr.  L.  T.  Robinson.— 

Wave  Form  Indicator, — An  instrument  consisting  of  a  small  syn- 
chronous motor  in  connection  with  suitable  commutating  devices  used  for 
determining  the  wave  shapes  of  alternating  current. 

24.  Mr.  Martin  P.  Rlce.- 

New  X-Ray  Apparatus^  employing  a  modified  form  of  Wehnelt  inter- 
rupter. 

25.  Prof.  Harris  J.  Ryan  and  Prof.  J.  O.  Phelon.— 
Radiographing  of  Alternating  Current  Waves. — A  method  for  securing 

stationary  and  continuous  diagrams  or  cards  of  alternating  current  values, 
which  are  conveniently  recorded  by  means  of  a  simple  form  of  pantagraph 
that  is  run  over  the  luminous  diagram  and  operates  a  lead  pencil.  (Wims- 
hurst  machine  furnished  by  Mr.  Otto  T.  Louis.) 

26.  Mr.  H.  F.  Sanvlllo.- 

A  Copper-Splicing  Machine. — A  portable  and  self-contained  splicing 
press,  with  independent  pump  and  flexible  hose,  used  for  making  a  solder- 
less  splice  in  wires  and  cables,  forming  a  cold  weld.  This  machine  has  an 
ability  to  give  a  pressure  of  20  tons  per  square  inch  in  the  weld. 

27.  Mr.  E.  T.  Schoonmakor.— 

A  Floating  Magnetic  Field. — A  demonstration  of  the  field  is  to  be 
given  so  that  the  particles  of  iron  will  appear  to  be  in  aerial  suspension 
about  the  pole. 

28.  Mr.  Elmer  A.  Sparry.— 

Types  of  storage  battery  for  automobile  work,  with  di  ag^ams  of  dis- 
charge curves. 

20.    Mr.  Nikola  Tesla.- 

Some  Experiments  with  an  Electric  Oscillator. — Demonstrations  will 
be  given  by  Mr.  Tesla  at  8.45  and  10  o'clock. 

30.    Prof.  Ellhu  Thomson — 

1.  Dynamo  Static  Machine. — This  machine  contains  a  small  direct  cur- 
rent motor,  the  windings  of  which  are  tapped  and  connected  to  two  rings 
giving  a  primary  alternating  current  for  the  operation  of  a  step-up  trans- 
former which  gives  a  secondary  current  of  about  20,000  volts,  being 
capable,  however,  of  regulation  through  a  wide  range.  The  tops  of  the 
alternating  current  waves  of  high  potential  obtained  from  this  secondary 
transformer  are  used  to  charge  a  number  of  glass  plate  condensers  in 
parallel.  The  rotating  frame  synchronously  driven  with  the  motor  makes 
the  connection  to  the  condensers  periodically  and  in  synchronism  with  the 
alternating  current.  The  connection  by  the  rotating  frame  is  alternately 
in  parallel  and  in  series,  condenser  plates  being  charged  to  15,000  volts  and 
with  10  in  parallel,  giving  150,000  volts  when  connected  in  series.  The 
machine  therefore  furnishes  from  low  pressure  direct  current,  high 
potential  discharges  of  definite  polarity  at  the  discharged  terminals. 

2.  A  New  Rotary  Electrical  Apparatus  consisting  of  an  iron  sphere 
heavily  electroplated  with  copper  and  mounted  so  that  it  may  revolve  on 
any  axis  or  in  any  plane.  Surrounding  this  sphere  are  three  coils  in  planes 
at  right  angles  to  each  other.  By  suitably  energizing  these  coils  with  poly- 
phase current  the  sphere  may  be  made  to  revolve  on  any  axis  or  in  any 
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direction «  or  it  may  be  said  to  illustrate  a  three  dimension  polyphase  sys- 
tem. This  apparatus  illustrates  the  principles  of  the  G3rro6cope  and  Bohn- 
enberger  Sphere. 

8.  An  lUuminaUd  Disk  mounted  on  a  shaft  free  to  rotate  and  having 
applied  to  it  in  special  ways  alternating  current  magnetic  fields,  the  rota- 
tions of  the  disk  involving  interesting  paradoxes. 

31.  Mr.  Fftzhugh  Townsend.— 

AUemaiing  Current  Wave  Treicer. — In  this  device  the  contact  is  made 
during  one-half  of  the  period  in  contradistinction  to  the  instantaneous  con- 
tact method  ordinarily  employed. 

32.  Entfroaaed  Reaolutiona. 

Prepared  by  the  American  Institute  of  Electrical  Engineers  for  pres- 
entation to  the    Institution  of  Electrical  Engineers,  London,  Eng. 


Digitized  by  VjOOQLC 


CORFSTITUTIOlVr. 


[Adopted  May  jj,  1884.    Amended  December  8,  j88j,  September  27,  i8g2. 
May  y/,  i8g4y  March  16,  i8g6  and  May  21  ^  igoi,\ 


ARTICLE  I. 


1.  The  name  of  this  association  shall  be  the  American  In- 
stitute OF  Electrical  Engineers. 

2.  Its  objects  shall  be  the  advancement  of  the  theory  and  prac- 
tice of  Electrical  Engineering  and  of  the  Arts  and  Sciences  con- 
nected with  the  production  and  utilization  of  electricity,  and  the 
maintenance  of  a  high  professional  standing  among  its  members. 
Among  the  means  to  this  end  shall  be  the  holding  of  meetings  for 
the  reading  and  discussion  of  professional  papers  and  the  publica- 
tion of  such  papers^  discussions  and  communications  as  may  seem 
expedient. 

ARTICLE  II. 
Membership. 

I.  The  corporate  members  of  the  Institute  shall  be  designated 
as  Members  and  Associates.  Members  and  Associates  shall  be 
equally  entitled  to  all  of  the  rights  and  privileges  of  the  Institute, 
except  eligibility  to  the  offices  of  President  and  Vice  President, 
which  shall  be  limited  to  Members;  and  Members  only  shall  be 
entitled  to  a  diploma.  There  shall  also  be  Honorary  Members, 
who  shall  be  entitled  to  all  the  rights  and  privilegesof  the  Institute, 
except  the  right  to  vote  for  officers  and  hold  office. 
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2.  A  Member  shall  have  been  an  Associate,  and  at  the  time  of 
his  transfer  to  membership  he  shall  be  not  less  than  twenty-seven 
years  of  age,  and  shall  be: 

a.  A  Professional  Electrical  Engineer;  or 
d.  A  Professor  of  Electrical  Engineering;  or 
c.  A  person  who  has  done  important  original  work,  of  recognized 
value  to  electrical  science. 

3.  To  be  eligible  to  membership  as  a  professional  Electrical 
Engineer,  the  applicant  shall  have  been  in  the  active  practice  of 
his  profession  for  at  least  five  years;  he  shall  have  had  responsible 
charge  of  work  for  at  least  two  years,  and  shall  be  qualified  to  de- 
sign as  well  as  direct  electrical  engineering  works.  Graduation 
from  a  School  of  Engineering  of  recognized  standing  shall  be  con- 
sidered the  equivalent  of  one  year's  active  practice. 

4.  To  be  eligible  to  membership  as  Professor  of  Electrical  En- 
gineering, the  applicant  shall  have  been  in  responsible  charge  of  a 
course  of  Electrical  Engineering  at  a  college  or  technical  school  of 

'  recognized  standing,  for  a  period  of  at  least  two  years. 

5.  An  Associate  shall  be  a  person  who  is  interested  in  or  con- 
nected with  the  study  or  application  of  electricity. 

6.  Honorary  Members  may  be  chosen  from  among  those  who 
have  rendered  acknowledged,  eminent  services  to  electrical  engi- 
neering or  its  allied  sciences. 

ARTICLE  HI. 
Admission,  Transfer  and  Expulsion  of  Members. 

1.  Honorary  Members  shall  be  proposed  in  writing  by  at  least 
ten  Members,  and  may  be  elected  only  by  the  unanimous  vote  of 
the  Board  of  Directors,  a  ballot  in  writing  to  be  forwarded  by  Mem- 
bers absent  from  the  Directors'  meeting.  The  election  of  an  Honor- 
ary Member  shall  be  deemed  invalid  if  an  acceptance  is  not  re- 
ceived within  six  months  after  the  date  of  his  election. 

2.  An  application  for  admission  to  the  Institute  as  Associate 
shall  be  made  in  a  form  prescribed  by  the  Board  of  Directors,  and 
shall  refer  to  at  least  three  members  or  associates. 

3.  An  application  for  transfer  from  the  grade  of  Associate  to  that 
of  Member  shall  be  made  in  a  form  prescribed  by  the  Board  of  Direc- 
tors, and  shall  embody  a  full  record  of  the  general  technical  educa- 
tion of  the  candidate,  and  of  his  professional  career.  It  shall  be 
signed  by  the  applicant,  and  shall  refer  to  at  least  five  Members 
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by  whom  he  is  personally  known.  Each  of  these  references  shall 
be  requested  by  the  Secretary  to  fill  out  a  prescribed  confidential 
form,  to  be  addressed  to  the  Board  of  Directors.  No  such  applica- 
tion for  transfer  shall  be  considered  until  at  least  five  favorable  re- 
plies have  been  received.  The  Board  of  Directors,  or  the  Board 
of  Examiners,  in  the  event  of  failure  of  replies,  or  receipt  of  un- 
favorable replies,  may  call  upon  the  applicant  to  furnish  additional 
names.  Should  an  applicant  for  transfer  certify  that  he  is  not  per- 
sonally known  by  five  members,  the  Board  of  Examiners  may 
accept  references  for  the  deficiency  to  professional  engineers  of 
standing. 

4.  The  reference  to  Members  to  whom  he  is  personally  known 
may  be  waived  in  case  of  foreign  applications;  but  the  applicant 
shall  in  that  case  refer  to  at  least  two  professional  engineers  of 
recognized  standing. 

5.  The  Secretary  shall  issue  at  stated  intervals  to  each  Member 
and  Associate  whose  address  is  known,  a  list  of  new  applications 
for  admission  to  the  Institute,  with  the  request  that  the  Members 
and  Associates  make  written  communication  to  the  Board  of  Direc- 
tors, in  case  of  objection  to  any  of  the  candidates  named.  The 
Board  of  Directors  shall  not  act  upon  any  name  until  at  least  twenty 
days  after  the  date  of  issue  of  said  list. 

6.  All  elections  to  Associate  Membership,  and  transfers  to  grade 
of  Membership,  shall  be  by  vote  of  the  Board  of  Directors;  two 
negative  votes  shall  exclude  a  candidate. 

7.  The  Board  of  Directors  may  refuse  to  elect  or  transfer  any 
applicant  whose  character,  reputation  or  professional  conduct  would 
make  him,  in  the  opinion  of  the  Board  of  Directors,  an  undesirable 
member. 

8.  A  member  of  any  grade  in  the  Institute  may  resign  his 
membership  by  a  written  communication  to  the  Secretary,  who 
shall  present  the  same  to  the  Board  of  Directors;  whereupon,  if  all 
his  dues  or  other  indebtedness  have  been  paid,  his  resignation  shall 
be  accepted. 

9.  Upon  the  written  request  of  ten  or  more  Members  or  Associ- 
ates that,  for  cause  stated  therein,  a  Member  or  Associate  of  the 
Institute  be  expelled,  the  Board  of  Directors  shall  consider  the 
matter,  and  if  there  appears  to  be  sufficient  reason,  shall  advise  the 
accused  of  the  charges  against  him.  He  shall  then  have  the  right 
to  present  a  written  defence,  and  to  appear  in  person  before  a  meet- 
ing of  the  Board  of  Directors,  of  which  meeting  he  shall  receive 
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notice  at  least  twenty  days  in  advance.  Not  less  than  two  months 
after  such  meeting,  the  Board  of  Directors  shall  finally  consider  the 
case,  and  if  in  the  opinion  of  the  Board  of  Directors  a  satisfactory 
defence  has  not  been  made,  and  the  accused  Member  has  not  in 
the  meantime  tendered  his  resignation,  he  shall  be  expelled. 

ARTICLE  IV. 
Dues. 

1.  The  entrance  fee,  payable  on  admission  to  the  Institute, 
shall  be  five  (5)  dollars.  A  fee  of  ten  (lo)  dollars  shall  be  paid  on 
transfer  to  the  grade  of  Member,  which  shall  include  the  fee  for  a 
diploma. 

2.  The  annual  dues  shall  be  fifteen  (15)  dollars  for  Members  and 
ten  (10)  dollars  for  Associates. 

3.  The  annual  dues  of  Members  and  Associates  residing  in  for- 
eign countries  other  than  Canada  and  Mexico,  shall  be  ten  (lo) 
and  five  (5)  dollars,  respectively. 

4.  Honorary  Members  shall  be  exempt  from  all  payments. 

5.  Persons  elected  after  six  months  of  the  fiscal  year  have  ex- 
pired, shall  pay  one-half  of  the  amount  of  dues  for  that  fiscal  year. 

6.  A  Member  or  Associate  in  good  standing,  by  the  single  pay- 
ment of  two  hundred  (200)  dollars  in  addition  to  his  entrance  fee, 
shall  become  exempt  from  all  future  payments  for  dues  or  transfer 
fee.  All  money  thus  paid  shall  be  invested  as  a  permanent  fund, 
of  which  the  interest  only  shall  be  subject  to  appropriation  for  cur- 
rent expenses. 

7.  A  Member  or  Associate  who  has  been  dropped  as  delinquent 
may  be  reinstated  by  the  Board  of  Directors  upon  payment  of  all 
back  dues,  retaining  his  original  date  of  election,  and  shall  be  en- 
tilled  to  a  complete  file  of  the  published  Transactions  correspond- 
ing  with  said  payment,  provided  the  same  are  in  stock;  or  such 
Member  or  Associate  shall  have  the  option  of  reelection  to  the  same 
grade,  and  payment  only  of  his  indebtedness  up  to  the  time  he  was 
dropped  from  the  list. 

ARTICLE  V. 

Officers. 

I.  The  officers  of  the  Institute  shall  be  a  President,  six  Vice- 
Presidents,  twelve  Managers,  a  Secretary  and  a  Treasurer,  who  shall 
hold  office  as  follows: 
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2.  The  President,  the  Secretary  and  the  Treasurer  for  one  year, 
the  Vice-Presidents  for  two  years,  and  the  Managers  for  three 
years.  The  President,  a  Vice-President  or  a  Manager  shall  not  be 
eligible  for  immediate  reelection  to  the  same  office.  At  each  annual 
meeting,  a  President,  three  Vice-Presidents,  four  Managers,  a  Secre- 
tary and  a  Treasurer  shall  be  elected  in  the  manner  prescribed  be- 
low, whose  terms  of  office  shall  commence  upon  the  fourth  Friday 
in  September. 

3.  A  vacancy  in  the  office  of  President  shall  be  filled  by  the 
senior  Vice-President;  a  vacancy  in  the  office  of  Vice-President 
shall  be  filled  by  the  senior  Manager.  Seniority  between  officers 
of  same  rank  and  date  of  election  shall  be  determined  by  the  date 
of  their  election  as  Associates.  All  other  vacancies  shall  be  filled 
by  the  Board  of  Directors  for  the  unexpired  term.  Such  succes- 
sion to  office  or  appointment  by  the  Board  of  Directors  shall  not 
render  an  officer  ineligible  for  immediate  election  to  the  same 
office. 

4.  No  officer  shall  receive,  directly  or  indirectly,  any  salary, 
compensation  or  emolument  from  the  Institute,  either  as  such 
officer  or  in  any  other  capacity,  unless  authorized  by  a  vote  of  a 
majority  of  the  entire  Board  of  Directors. 

5.  No  officer  shall  be  interested,  directly  or  indirectly,  in  any 
contract  relating  to  the  operations  conducted  by  the  Institute, 
nor  in  any  contract  for  furnishing  supplies  thereto,  unless  expressly 
authorized  by  the  by-laws  and  by  the  unanimous  vote  of  the  Board 
of  Directors. 

6.  To  provide  for  the  officers  already  holding  office  when  this 
Constitution  shall  go  into  effect,  their  terms  shall  be  considered  as 
dating  from  the  time  of  the  Annual  Meeting  as  set  forth  in  the 
Constitution  which  this  Constitution  supersedes,  instead  of  from  the 
fourth  Friday  in  September,  as  this  Constitution  specifies;  and 
nothing  in  this  Constitution  shall  operate  to  exclude  from  office  any 
officer  elected  under  the  previous  Constitution. 

ARTICLE  VI. 

Election  of  Officers. 

I.  During  the  first  week  in  February  of  each  year,  the  Secretary 
shall  mail  or  deliver  to  each  Member  and  Associate  o\  the  Insti- 
tute residing  in  the  United  States,  its  territories,  Canada  or  Mexico, 
a  list  of  all  Members  and  Associates,  together  with  a  form  showing 
the  offices  to  be  filled  at  the  ensuing  annual  election  in  May,  and 
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containing  the  names  of  the  incumbents  and  a  copy  of  sections  t 
and  2  of  this  article,  with  the  request  that  nominations  be  made 
for  the  various  offices  to  be  filled.  These  nominations  shall  not  l>e 
signed,  and  shall  be  enclosed  in  an  envelope  identified  on  the  face 
by  the  name  of  the  sender.  To  be  considered,  nominations  must 
reach  the  Secretary  prior  to  March  first. 

2.  The  Secretary  shall  submit  to  the  Board  of  Directors  a  classi- 
fied list  of  all  nominations  received,  from  which  the  Board  of  Direc- 
tors shall  prepare,  during  the  monih  of  March,  a  complete  ticket, 
to  be  headed:  **  Directors' Nominees,*'  containing  the  names  of 
those  whom  the  Board  of  Directors  deem  best  suited  for  the  offices 
falling  vacant;  provided  that  upon  the  request  of  two  Directors  at 
the  meetmg  at  which  the  "  Directors'  Nominees"  ticket  is  pre- 
pared, the  name  of  a  second  nominee  for  President  shall  be 
placed  on  the  ticket,  selected  from  the  four  names  receiving  the 
highest  number  of  votes  for  President;  and  provided  further,  thai 
the  names  for  the  office  of  Vice-President  shall  be  selected  with  a 
view  to  maintaining  a  geographical  distribution  of  the  incumbents 
of  this  office.  This  ticket  shall  be  printed  on  the  same  sheet  with 
a  second  list,  headed:  "General  Proposal  List,"  containing  all  the 
eligible  names  proposed  and  the  number  of  votes  cast  for  each; 
provided  that  no  name  shall  appear  which  shall  not  have  received 
at  least  two  per  cent,  of  the  entire  number  of  votes  cast. 

3.  The  voting  for  officers  shall  be  restricted  to  the  names  on  the 
General  Proposal  List  provided  for  in  Section  2  of  this  Article. 
This  sheet,  together  with  an  envelope  on  which  shall  be  printed 
the  title  of  the  Institute,  the  name  and  address  of  the  Secretary, 
and  the  words:  "  Official  Voting  Envelope — Enclosing  a  Ballot 
Only,"  shall  not  later  than  the  15th  day  of  April,  be  mailed  by  the 
Secretary  to  every  Member  and  Associate  in  good  standing,  together 
with  a  copy  of  Sections  3  and  4  of  this  Article;  provided,  that  any 
qualified  Member  or  Associate  not  having  a  ballot  and  envelopes 
shall  be  entitled  to  obtain  them  from  the  Secretary  at  any  time  be- 
fore the  ninth  day  of  May. 

4.  All  names  voted  for  shall  be  written,  printed  or  otherwise 
marked  on  a  single  ticket  or  ballot,  which  shall  be  enclosed  in  a 
sealed,  unmarked  and  unidentified  inner  envelope  of  any  suitable 
character,  which  shall  in  turn  be  enclosed  either  in  the  **  Official 
Voting  Envelope"  (received  from  the  Secretary),  or  any  other  enve- 
lope, marked  on  its  face;  **  Non-Official  Voting  Envelope— Enclos- 
ing a  Ballot  Only."  The  outer  envelope  of  either  class  shall  be 
identified  by  the  name  of  the  sender  on  its  face,  shall  be  sealed, 
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and  in  order  to  be  counted,  shall  reach  the  Secretary  not  later 
than  the  ninth  day  of  May.  The  Secretary  shall  preserve,  unopened, 
all  ballots  received  after  the  ninth  day  of  May. 

5.  The  President  at  the  Directors'  meeting  to  be  held  in  April, 
shall  appoint,  subject  to  the  approval  of  the  Board  of  Directors, 
five  Members  or  Associates,  not  members  of  the  Board  of  Direc- 
tors, to  constitute  the  Committee  of  Tellers;  should  this  Directors' 
meeting  not  be  held,  the  President  shall  appoint  this  Committee  by 
letter  to  the  Secretary,  who  shall  notify  the  members  thereof. 

6.  Any  Member  or  Associate  who  shall  deliver  to  the  Secretary 
on  or  before  the  ninth  day  of  May,  a  written  petition  signed  by  at 
least  twenty  Members  or  Associates,  stating  their  desire  that  he 
be  a  member  of  the  Committee  of  Tellers,  shall  also  be  a  member 
of  that  Committee;  provided  that  the  aforesaid  signatures  shall  not 
have  appeared  on  another  similar  petition. 

7.  The  Committee  of  Tellers  shall  meet  at  the  office  of  the  In- 
STiTUTK  as  soon  after  the  ninth  day  of  May  as  possible,  and  shall 
receive,  unopened,  all  ballots  from  the  Secretary,  who  shall  also 
make  to  it  a  written  report  of  the  number  of  ballots  received  on 
and  before  and  after  the  ninth  day  of  May.  It  shall  forthwith  pro- 
ceed, in  secret,  to  count  the  vote,  and  shall  prepare  and  sign  a  re- 
port of  the  results  of  the  vote,  which  shall  be  sealed,  and  shall  re 
main  in  the  possession  of  the  Chairman  of  the  Committee,  who  shall 
hand  this  report  to  the  presiding  officer  at  the  ensuing  annual  meet- 
ing. The  presiding  officer  shall  then  cause  this  report  to  be  read, 
and  shall  declare  duly  elected  the  eligible  persons  receiving  the 
greatest  number  of  votes  for  the  respective  offices.  . 

ARTICLE  VII. 

Management. 

1.  The  affairs  of  the  Institute  shall  be  naanaged  by  a  Board 
of  Directors  under  this  Constitution  and  the  general  provisions  of 
the  laws  under  which  it  is  incorporated.  The  Board  of  Directors 
shall  consist  of  the  officers  of  the  Institute  and  the  two  junior 
Past-Presidents. 

2.  The  Board  of  Directors  shall  have  such  powers  and  duties 
as  ate  prescribed  by  statute  for  a  Board  of  Directors. 

3.  The  Board  of  Directors  shall  direct  the  investment  and  care 
of  the  funds  of  the   Institute,  shall   make   appropriations  for 
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specific  purposes,  shall  pass  upon  all  applications  for  admission  or 
for  transfer,  shall  act  upon  all  questions  of  expulsion  of  mem- 
bers, shall  appoint  all  employees  and  fix  their  salaries,  and  in  gen- 
eral shall  direct  the  business  of  the  Institute,  either  itself  or 
through  the  officers  and  committees. 

4.  The  Board  of  Directors  shall  prepare  and  adopt  a  series  of 
by-laws  which  shall  govern  its  procedure  and  that  of  its  committees, 
under  this  Constitution.  Such  by-laws  shall  be  adopted  or  may  be 
amended  by  a  two-thirds  vote  of  a  quorum  of  the  Board  of  Direc- 
tors; provided,  that  the  text  of  a  proposed  by-law  or  amendment 
shall  be  furnished  to  each  member  of  the  Board  of  Directors  at 
least  ten  days  before  the  meeting  at  which  a  vote  of  the  same  will 
be  taken. 

5.  The  President  shall  have  general  supervision  of  the  affairs  of 
the  Institute,  under  the  direction  of  the  Board  of  Directors.  He 
shall  preside  at  the  meetings  of  the  Institute  and  of  the  Board 
of  Directors  at  which  he  may  be  present,  and  shall  be  ex-officio 
member  of  all  committees.  He  shall  deliver  an  address  at  the 
Annual  Convention.  The  Vice-Presidents,  or  in  their  absence,  the 
Managers,  in  order  of  seniority,  shall  preside  at  meetings  of  the 
Institute  and  the  Board  of  Directors  in  the  absence  of  the  Presi- 
dent, and  shall  discharge  his  duties  in  case  of  a  vacancy  in  the 
office.  The  President  shall,  at  the  meeting  of  the  Board  of  Direc- 
tors to  be  held  on  the  fourth  Friday  in  September,  appoint  the  fol- 
lowing Standing  Committees:  A  Board  of  Examiners  of  five  mem- 
bers; a  Library  Committee  of  five  members;  a  Committee  on  Papers 
of  five  members;  an  Editing  Committee  of  three  members,  a  Com- 
mittee on  Finance  of  three  members.  He  may  also  appoint  tem- 
porary committees  from  time  to  time.  The  members  of  the  Finance 
Committee  shall  all  be  members  of  the  Board  of  Directors.  All 
other  standing  committees  shall  include  at  least  one  member  of  the 
Board  of  Directors.  All  Members  of  the  Board  of  Examiners 
shall  be  full  members  of  the  Institute. 

6.  The  Secretary  shall  receive  all  moneys,  and  deposit  them  in 
the  name  of  the  Institute,  reporting  such  deposit  to  the  Treasurer, 
who  shall  receipt  for  the  same.  The  Treasurer  and  the  Secretary 
shall  invest  such  funds  as  may  be  ordered  by  the  Board  of  Directors. 
They  shall  also  pay  bills  when  audited  by  the  Committee  on  Finance 
and  approved  by  the  Board  of  Directors.  The  Treasurer  shall 
make  an  annual  report  and  such  other  reports  as  may  be  prescribed. 

7.  The  Secretary  shall  be,  under  the  direction  of  the  President 
and  the  Board  of  Directors,  the  Executive  Officer  of  the  Insiitute, 
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He  shall  attend  all  meetings  of  the  Institute  and  of  the  Board  of 
Directors.  He  shall  prepare  the  business  for  them,  and  record  the 
proceedings  thereof;  he  shall  collect  and  deposit,  subject  to  the 
order  of  the  Treasurer,  all  moneys  due  the  Institute.  He  shall 
personally  certify  the  accuracy  of  bills  or  vouchers  on  which  money 
is  to  be  paid,  and  shall  draw  and  countersign  all  checks,  and  these 
shall  be  signed  by  the  Treasurer  when  such  drafts  are  known  to 
him  to  be  proper  and  duly  authorized  by  the  Committee  on  Finance, 
and  in  accordance  with  warrants  executed  by  the  Secretary.  He 
shall  have  charge  of  the  books  and  accounts  of  the  Institute,  and 
shall  furnish  monthly  to  the  Board  of  Directors  a  statement  of  re- 
ceipts and  expenditures  and  monthly  balances.  He  shall  present 
annually  to  the  Board  of  Directors  a  balance  sheet,  and  from  time 
to  time  shall  furnish  such  statements  as  may  be  required.  He  shall 
conduct  the  correspondence  of  the  Institute,  and  keep  full  rec- 
ords. He  shall  be  iji  responsible  charge,  under  the  President,  the 
Board  of  Directors,  and  the  Library  Committee,  of  all  the  property 
of  the  Institute.  He  shall  be  responsible  for  the  work  of  all  em- 
ployees of  the  Institute.  He  shall  perform  such  other  duties  as 
may  be  assigned  to  him.  His  entire  time  must  be  devoted  to  the 
affairs  of  the  Institute,  unless  otherwise  authorized  by  the  Board 
of  Directors.  He  shall  be  paid  a  salary  to  be  fixed  by  the  vote  of 
a  majority  of  the  entire  Board  of  Directors. 

8.  The  Board  of  Directors  may,  if  deemed  expedient,  appoint 
assistants  to  the  Secretary;  one  of  these  may  hold  the  title  of  Assis- 
tant Secretary,  who  shall  be  under  his  immediate  direction  and  shall 
aid  him  in  all  matters. 

9.  The  Board  of  Directors  may  delegate  any  or  all  of  its  powers 
to  an  Executive  Committee  of  seven  members,  consisting  of  the 
President,  the  Secretary,  and  the  Treasurer,  ex-officio,  and  four 
other  members  of  the  Board  of  Directors,  which  committee  shall 
conduct  the  affairs  of  the  Board  of  Directors  between  its  meet- 
ings. 

10.  All  committees  shall  be  directly  responsible  to  the  Board  of 
Directors,  and  shall  act  under  its  directions.  The  Board  of  Direc- 
tors may,  at  any  time,  at  its  own  discretion,  remove  any  or  all  mem- 
bers of  the  committees  and  appoint  others.  The  terras  of  the  mem- 
bers of  all  standing  and  temporary  committees  shall  terminate  on 
the  fourth  Friday  in  September  of  each  year,  when  the  incoming 
President  shall  reconstitute  the  membership  of  all  standing  com- 
mittees, and  of  such  temporary  committees  as  may  have  further 
duties  to  perform. 
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1 1.  The  reports  or  actions  of  all  Committees  shall  be  addressed 
to  the  Secretary,  and  shall  be  by  him  referred  to  the  Board  of  Di- 
rectors 

12.  The  Committee  on  -^/«^i/y^'^  shall  have  direct  supervision  of 
the  financial  affairs  of  the  Institute.  It  may  employ  an  expert 
accountant  to  assist  in  auditing  the  accounts.  It  shall  approve  all 
bills  before  payment,  and  sh?ll  make  recommendations  to  the 
Board  of  Directors  as  to  the  inv  '^stment  of  moneys,  and  upon  all 
specific  appropriations.  No  payments  other  than  routine  office  ex- 
penses shall  be  made  by  the  Secretary  or  Treasurer  except  upon 
the  authorization  of  the  Committee  on  Finance. 

13.  The  Library  Committee  shall  have  general  supervision  of  the 
Library  and  the  rooms  of  the  Institute,  and  the  property  therein. 
The  Secretary  shall  be  responsible  to  the  Library  Committee  for 
his  care  of  the  property  of  the  Institute.  The  Committee  shall 
make  recommendations  with  reference  to  books,  and  shall  direct 
expenditures  for  books  or  other  articles  of  permanent  value,  of  such 
sums  as  may  be  appropriated  for  these  purposes. 

14.  The  Committee  on  Papers  shall  have  general  supervision  of 
the  papers  to  be  presented  to  the  Institute  at  its  meetings,  and 
of  the  discussions  thereon.  This  Committee  shall  have  the  re- 
sponsibility of  collecting  papers.  It  shall  not  accept  papers  from 
non-members  without  special  authorization  from  the  Board  of 
Directors. 

15.  The  Editing  Committee  shall  edit  all  discussions  of  the 
papers  presented.  It  shall  be  the  duty  of  this  Committee  to  limit 
as  far  as  possible  the  amount  of  matter  to  be  printed  in  the  dis- 
cussions. The  printed  discussions  shall  preferably  be  put  in  the 
third  person.  This  Committee  shall  decide  all  questions  regard- 
ing the  publication  of  papers,  discussions  and  communications. 

16.  The  Board  of  Examiners,  All  applications  for  membership 
or  for  transfer  that  may  be  received  by  the  Secretary  shall  be 
referred  by  him  to  the  Board  of  Examiners,  who  shall  pass  upon 
the  qualifications  of  the  various  applicants  and  shall  report  their 
recommendations  to  the  Board  of  Directors,  who  shall  pass  upon 
the  recommendations  of  the  Board  of  Examiners. 

17.  The  Board  of  Directors  may,  at  its  discretion,  appoint 
Local  Honorary  Secretaries  to  represent  the  Institute  in  various 
parts  of  the  world. 

18.  The  following  Members  shall  constitute  a  quorum  of  the 
Board  of  Directors: 
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"^or  all  business  prescribed  by  statute  for  a  Board  of  Direc- 
tors— Twelve  Members. 
For  Expulsion  of  Members — Fifteen  Members. 
For  all  other  business — Five  Members. 

19.  The  "vote  of  the  Board  of  Directors  "  shall  in  all  cases  be 
the  vote  of  a  majority  of  the  Members  thereof  present  when  the 
quorum  required  for  the  particular  occasion  is  present. 

ARTICLE  VIII. 
Meetings. 

1.  The  Annual  Meeting  of  the  Institute  shall  be  held  on  the 
third  Tuesday  of  May,  when  a  report  of  the  proceedings  of  the 
Institute  for  the  past  fiscal  year  shall  be  furnished  by  the  Board 
of  Directors.  This  report  shall  be  verified  by  the  President, 
Treasurer  and  Secretary  and  a  majority  of  the  officers.  It  shall 
show:  The  whole  amount  of  real  and  personal  property  owned, 
where  located,  where  and  how  invested  ;  the  amount  and  nature 
of  the  property  acquired  during  the  last  fiscal  year  and  the  man- 
ner of  its  acquisition;  the  amount  applied,  appropriated  or  ex- 
pended  during  the  year,  and  the  purposes,  objects  or  persons  to 
or  for  which  such  applications,  appropriations  or  expenditures 
have  been  made;  the  names  and  places  of  residence  of  persons 
who  have  been  admitted  to  Membership  in  the  Institute  during 
such  year;  and  all  other  facts  bearing  upon  the  status  of  the 
Institute.  This  report  shall  be  filed  with  the  records  of  the 
Institute  and  an  abstract  thereof  entered  in  the  minutes  of  the 
proceedings  of  the  Annual  Meeting.  The  reports  of  all  officers 
shall  be  presented  at  the  Annual  Meeting,  and  the  vote  for  officers 
for  the  ensuing  year  shall  then  be  announced.  Any  other  busi- 
ness may  be  brought  before  this  meeting. 

2.  There  shall  also  be  held  an  Annual  Convention  of  the 
Institute  at  some  time  after  the  Annual  Meeting  and  before  the 
first  of  December  following,  for  the  presentation  and  discussion 
of  professional  papers,  and  for  the  transaction  of  such  other  bus- 
iness as  may  be  brought  before  it.  The  time  and  place  of  such 
Convention  shall  be  fixed  by  the  Board  of  Directors. 

3.  Other  meetings  of  the  Institute  may  be  held  at  such  time 
and  places  as  the  Board  of  Directors  shall  select,  at  which  no 
business  affecting  the  organization  or  policy  of  the  Institute 
shall  be  transacted.  Notice  of  all  meetings  shall  be  sent  by 
mail,  or  otherwise,  to  all  Members  and  Associates,  at  least  ten 
days  in  advance. 
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4.  Every  question  affecting  the  organization  or  policy  of  the 
Institute  which  shall  come  before  any  meeting  of  the  Institute 
shall  be  decided,  unless  otherwise  provided  by  this  Constitution, 
by  the  vote  of  a  majority  of  a  quorum. 

ARTICLE   IX. 

State  and  District  Organizations. 

1.  In  each  State  or  Territory  of  the  United  States  in  which 
there  are  fifty  or  more  Members  and  Associates,  the  Board  of 
Directors  may  authorize  the  formation  of  a  State  organization, 
for  the  purpc-e  of  more  effectively  carrying  out  the  objects  of  the 
Institute. 

2.  The  resident  Members  and  Associates  thus  organized  in 
any  State  shall  have  the  privilege  of  being  represented  at  the 
Annual  Convention  by  one  delegate  to  each  fifty  members.  Such 
delegates  shall  be  nominated  by  the  resident  Members  and  Asso- 
ciates of  each  State,  by  selecting  names  from  the  membership  in 
the  State,  a  list  of  which  shall  be  forwarded  by  the  Secretary, 
who  shall  also  prepare  and  distribute  the  necesssary  circulars  for 
that  purpose.  The  appointment  of  delegates  shall  be  made  by 
the  Board  of  Directors  in  conformity  with  the  expressed  wish  of 
the  members.  The  Board  of  Directors  shall  also  appoint  alter- 
nate delegates,  who  shall  serve  in  the  absence  of  any  delegate. 

3.  Official  delegates  thus  appointed  will  be  required  to  attend 
the  Annual  Convention,  and  shall  be  entitled  to  receive  from  the 
Treasury  a  sum  of  money  sufficient  to  cover  the  cost  of  their  rail- 
road fare.  They  may  cast  as  many  votes  as  they  shall  hold  proxies 
from  their  constituents  upon  any  question  brought  before  the 
Annual  Convention. 

4.  The  appointment  as  delegate  shall  not  debar  the  incum- 
bent from  appointment  or  election  to  any  other  office  in  the 
Institute. 

5.  The  Members  and  Associates  of  a  State  or  Territory  not 
entitled  to  a  delegate  may,  upon  request  to  the  Board  of  Direct- 
ors, be  authorized  to  join  with  the  Members  and  Associates  of  a 
contiguous  State  or  States,  and  form  a  District,  which,  for  the 
purpose  of  this  Article,  shall  be  considered  as  being  one  State, 
but  shall  be  called  a  District,  taking  its  name  from  the  State 
within  that  District  having  the  largest  membership. 

6.  The  Dominion  of  Canada  and  the  Republic  of  Mexico  shall 


Digitized  by  VjOOQIC 


CONSTITUTION.  M6 

each    be    considered   as   States,    under   the   provisions    of    this 
Article. 

7.  Any  State  or  Territory  having  a  less  number  than  fifty 
members  may  be  represented  by  a  delegate  upon  request  to  the 
Board  of  Directors,  but  such  delegate  shall  not  be  entitled  to 
receive  from  the  Treasury  of  the  Institute  any  portion  of  his 
expenses. 

ARTICLE    X. 

General. 

1.  A  quorum  of  the  Institute  shall  consist  of  one- tenth  in 
number  of  the  total  number  of  Members  and  Associates,  residing 
in  the  United  States  and  its  territories,  in  Canada  and  in  Mexico, 
as  printed  in  the  list  provided  for  by  Section  i,  Article  VI.,  issued 
each  year,  prior  to  the  Annual  Meeting. 

2.  Every  Member  or  Associate  entitled  to  vote  at  any  meeting 
may  so  vote  by  proxy.  Every  proxy  shall  be  executed  in  dupli- 
cate in  writing  by  the  Member  or  Associate  himself,  or  by  his 
duly  authorized  attorney,  and  one  copy  thereof  filed  with 
the  Secretary  before  the  date  on  which  it  is  to  be  voted.  No 
proxy  shall  be  valid  after  the  expiration  of  eleven  (11)  months 
from  the  date  of  its  execution,  unless  the  Member  or  Associate 
executing  it  shall  have  specified  therein  the  length  of  time  it  is 
to  continue  in  force,  which  shall  be  for  some  limited  period. 
Every  proxy  shall  be  revocable  at  the  pleasure  of  the  person 
executing  it. 

3.  For  the  purpose  of  electing  officers,  proxy  voting  shall  be 
practiced  only  as  provided  in  Article  VI.,  and  the  Committee  of 
Tellers  therein  named  shall  be  considered  a  proxy  Committee  for 
the  definite  purpose  stated. 

4.  The  fiscal  year  of  the  Institute  shall  terminate  with  the 
thirtieth  day  of  April. 

ARTICLE   XI. 

Amendments. 

1.  Proposals  to  amend  this  Constitution  shall  be  made  in 
writing  to  the  Board  of  Directors  ,  and  signed  by  at  least  twenty- 
five  Members  or  Associates,  and  shall  reach  the  Secretary  not 
later  than  February  first;  the  Board  of  Directors  shall  consider 
such  proposals,  and  if  in  its  opinion  they  are  in  accordance  with 
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the  laws  under  which  the  Institute  is  organized,  shaii  order  the 
Secretary  to  send  out  a  letter  ballot  upon  such  proposals.  Votes, 
to  be  considered,  shall  be  received  not  later  than  the  ninth  day 
of  May.  The  Secretary  shall  refer  these  votes  unopened  to  the 
Committee  of  Tellers,  which  shall  count  such  votes  and  make  a 
sealed  report  to  the  Board  of  Directors.  This  report  shall  be 
read  at  the  Annual  Meeting.  .An  affirmative  vote  of  a  majority 
of  the  qualified  Members  and  Associates  shall  be  necessary  to 
secure  the  adoption  of  an  amendment. 

2.  Amendments  so  adopted  shall  take  effect  twenty  days  after 
their  adoption;  provided,  that  the  officers  of  the  Institute  at  the 
time  any  amendments  become  effective  shall  continue  in  office 
until  the  next  fourth  Friday  in  September. 
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CATALOGUE   OF   MEMBERS, 

June   ist,  1902. 


Name. 


HONORARY    MEMBERS. 


Address. 


Date  of  Membership. 


Kelvin,  Lord,  D.C.L,,  LL,D,,  F.R.S. 

London 


.S:\?Engla„1;)H-M-M«^'7.»«'' 


Preece,  Sir,  William.  H. 


Honorary  Members,  2. 


.    K.CB.,  F,K,S,   Consulting 
Electrical  Engineer,  13  Queen 
Anne's  Gate,  London,  S.  W.,^ 
Eng. ;        residence.        Gothic 
Lodge,  Wimbledon. 


H.M.  Oct.  21,  1884 


MEMBERS. 


Abbott,  Arthur  V.,  C.E.  ( Vice-President. ) 
Church,    Kerr 


landt  St. 


Westinghouse, 

Co..    26  Cort- 

Ncw  York  City. 

President,  The  Carborundum  Co., 
Niagara  Falls,  N.  Y. 

Consulting  Engineer,  Box  1377, 
Boston;  residence.  3Q  Upland 
Road,  Cambridge,  Mass. 

Aheam  &  Soper,  Electrical  Supplies, 
Ottawa,  Ont. 

Ineenieur  Conseil,  No.  1  Rue 
Trachel,  Nice,  France. 

Albright,  H.  Fleetwood  Electrical  Engineer,  VVestern  Elec- 
tric Co.,  New  York;  residence, 
60  Sayre  St.,  Elizabeth,  N.J. 

Director,  Thomas  S.  Ciarkson 
Memorial  School  of  Technology, 
Potsdam,  N.  Y. 


ACHESON,  EDW.  G. 

Adams,  Alton  D. 

Ahbarn,  Thomas 
Albanese,  G.  Sacco 


Aldrich.  William  S, 

[Life  Member.] 


Andrews,  Wm.  S 


Manager  Central  Station  Sales,  Gen- 
eral Electric    Co.,  residence.  242  > 
Union  St,  Schenectady,  N.  Y. 


A  Oct.    21,  i8go 
M  Jan.   x6,  1895 

;  A    Jan.    3,  1888 
M    May  i,  1888 

A  April  18,  ^893 
|M  Jan.    17,  Z894 

A  July   12,  1887 
M   Sept.  ^,  1887 

1  A  Sept.  20,  1893 
I  M  Sept.  27.  1899 

A  Sept.  27,  1892 
M  June  20,  1894 

A  Mar.   15    1892 
M  April  25,  1900 

A  Mar.    5,  1889 
M  April  22,  1896 


Anson,  Franklin  Robert 


(9) 


President,  Salem  Light,  Heat 
and  Power  Co. ,  Salem,  Ore.;  res- 
idence, 355  Salmon  St.,  Portland, 
Ore. 

987 


A  Feb.  27,  1895 
M  Nov.  23,  1898 
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MEMBERS 


Name. 

Anthony,  Prof.  W.  A. 


Armstrong,  Chas.  G. 


Arnold,  Bion  J. 


Date  of  If  cmbenhip. 
Dec 


Ma  D« 
;jMJa 


1884 
188s 


27,  189a 
31.  1898 


Ayer,  James  I. 


Ayres,  Brown 


Badt,  Lieut.  Francis  B 

Baillard,  E.  V. 
Baldwin,  Bert  L. 
Barbour,  Freo  Fiskk 

Barstow,  William  S. 

Barton,  Philip  Price 

Batchelor»  Chas. 

Bates.  James  H.  M,  £. 

Baylis.  Robert  Nelson 
Beames,  Clare  F. 

Brchtel,  Ernest  J. 

Bedell,  Dk.  Frederick, 
Bell,  Prof.  A.  Graham 

(iS) 


Addrev. 
{Past  Presidfnt.)    Consulting  Elec- 
trician, Cooper  Union;  residence, 
313  W.  33d  St.,  New  York.  N.  Y. 

Consulting  Electrical  Engineer.  /  .  <>  , 
Fisher  Building,  Chicago.  111.,  and  \  ^  ^^L' 
Maritime  Building,  New  York  City  ^  "  '^°^* 

Consulting       Electrical     Engineer,  (  .   ^  -^ 

i?ri!HrAT.!"So.  til'  ^"iMS^.n:  JS 

General  Manager  American  Electric  (  *    \i       *a    tRaw 
Professor  of  Physics  and  Electrical  (  .   w^         -.       -^ 

Electrical  Engineer,  F.  B.  Badt  &  ( 

Co..  1504  Monadnock  Block  and]  A  April  19,  1893 

6506    Lafayette    Ave.,    Chicago,  |  M  Mar.  25,  i8j>6 

111.  I 

Manufacturer  of    Electrical  Instni-  (  .    j^ 

ments  and   Fine   Machinery,  Fox-j  ^  ,      '     ? 


1889 
1895 


ngineer,    The  Cincin-  (  .    ADril  22    i 


896 
896 


Building,  New  York  City. 
Mechanical  Engineer, 

nati  Street 
BIdg.,  Cincinnati 
Manager,  Sales  Department,   Pacific  f 

District,    General    Electric    Co.,  J  A  May    16,1893 

Claus   Spreckels  Bldg., San  Fran- |  M  Sep.   26,  1900 

Cisco,  Cal.  [ 

{Manager.)     Consulting,  Electrical  ( 

and     Mechanical     Engineer,     iij  A  Feb.   21,1894 

Broadway,       (Telephone,      4671  |  M  April  26,  1899 

Broad)  New  York  City.  [ 

Assistant  Superintendent, 

ara    F'alls    Power    Co, 

Falls.  N.  Y.  ( 

Electrical  Engineer,  Exchange  Court  (  .    j  g 

12, 


o'^N^aia^^^ 

o.,    w»agara-<  Jejune  28. 


Bldg.,  52  Broadway:  residence,  33'!  w  i„i„ 
W.  25th  St.,  New  York  City.  (  ^  July 

t  New  (  . 

le  St„^^ 
i.N.J.  /  ^ 


1900 
1901 

1887 
1887 


Sept. 
Oct. 


6, 
I, 

I, 
17. 


1887 
1889 

1889 
1892 


May  21,  i8qs 
Feb.  28,  1901 


Flngineering  Department.  The  New 

York  Edison  Co.,   57  Duane 

N.Y.  City.  Box  iiSHoboken 
The  Baylis  Co.,  140  Washington  j  A  Oct 

St.,  New  York  City.  {  M  May 

Chief  Engineer,  Compania  Mexicana  f 

de  Gas   y   Luz   Electrica.     Ltd,,  |   . 

Calle  de  Santa  Clara  No.  7.  Apar--j  ,, 

tado,    Postal    No.    267,    City    of 

Mexico.  t 

Electrical   Knjjineer    and    Superin-  f 

lendent  of  Lighting,   The  Toledo  !  A  Mar.  24,  1897 

Railways   and     I.i^ht   Company,!  M  July  27,  iqoo 

Toledo',  0.  I 

Assistant      Professor     in      Physics,  ( A  April  21,  1 891 

Cornell  University,  Ithaca,  N.  Y.  ^  M  May  19,  1896 
{Past  President. )     1331  Conn.  Ave. .  (  .    .     .,  »« 

Washington.  I).  C.  and  Baddeck,  j  ^  ^"1 15.  1884 
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Name. 

Bell.  Dr.  Louis 


Electrical 


Address. 
Enjrincer,  Boston  ; 


Date  of  Membership. 

dence.  1056  Beacon  St  ,Brookl7ne.  i  ^  ^^y  ^9'  '^^ 
Mass. 


Bernard,  Edgar  G. 
Betts,  Philander  3d 

BiLLBERG,  C.  O.  C. 
Birdsall,  E.  T.  M.  E. 
Blades,  Harry 
Blake,  Francis 
Blodgett,  Geo.  W. 

Blood,  John  Balch 

Boggs,  Lemuel  Stearns 
Boil£au«  Willard  E. 

Bosch,  Adam 

BOTTOMLEY,  HaRRY 

Bourne,  Frank 
BoYER,  Elmer  E. 

BoYNTON,  Edward  C. 

Bradley,  Chas.  S. 

Brady.  Frank  W.,  M,  E, 

Brenner,  William  H. 
(19) 


Manufacturer,  450  Fulton  St., Troy, 

N.  Y. 


1  M  June  18.  1890 

^A.  Ja 
JM  Jul 


Jan.    5.  1886 
July  I  a,  1887 

Electrical  Eng^ineer.  Neeley  Electric  f 
Co.,  611    I4lh  St.,   N.  \V  :  resi- I  A  Mar.  25,  1896 
dence,  213     Scaton  St..    N.   E.,  ]  M  Jan.    25,  189Q 
Washington,  D.  C  [ 

Electrical  Engineer,   17  Hill  Street,  j  A  Mar.  21,  1894 
Newark.  N.  J.  "J  M  Feb.  27,  1895 

Consulting     Electrical      Engineer,  j  A  June    8,  1887 
New  Rochelle,  N.  Y.  \  M  Nov.    i,  1887 

Electrical  Engineer,  419  Cass  Ave.. 
Detroit,  Mich. 

Auburndale,  Mass. 


{A  April  19,  x8q2 
M  May  21,  1895 

\  A  Sept.    3,  1889 
(  M  Oct.     I,  1889 


I  A  July  12,  1887 
I  M  Sept.  6,  1887 


Electrical  Engineer,  B.  &  A.  R.  R. 
and  Consulting  Electrician,  Bos- 
ton, residence,  Auburndale,  Mass. 

Blood  and    Hale.  Consulting  Ehgin-^ 
eers,    10  Post  Office  Square,  Bos- J  A  June  20,  1894 
ton:     residence,      Newburyport,  )  M  Dec.  18,  1895 
Mass.  j 


With  Sargent  &  Lundy,  1000  East  (  A 
Van  Buren  St..  Chicago,  III.  (  M 

General     Superintendent     Lighting  ( 
and  Power  Dept.  and  Electrical  '  A 
Engineer,  Columbus  R.  R.  Co,,1  M 
Columbus,  Ga.  (^ 

Sup't  Fire  Alarm  Telegraph,  New-  j  A 
ark,  N.  J.  J  M 

Bellows  Falls  Electric  Light  Co.,  j  A 
Bellows  Falls,  Vt.  \  M 

Electrical  Engineer,  26  Cortlandt  j  A 
St.,  New  York  City.  i  M 

Foreman,  Testing  Department,  (  * 
Lynn  Works,  General  Electric  ■<  w 
Co.,  Lynn,  Mass.  ( 

Mechanical  Engineer, Chicago, Great  (  * 
Western  Ry.,  128  Third  St.,  New-  \  V, 
burgh,  N.  Y.  (  ^ 

(  Manager.  ^       President,     Ampere  f 
Electro  Chemical  Co  .  44   Broad  j  A 
Street,  residence,  42  W.  84th  St.,  1  M 
New  York  City.  [ 

Professor     of     Engineering      New  f 
Mexico    College    of    Agriculture  J  A 
and       Mechanic      Arts,     Mesilla  {  M 
Park,  N.  M.  t 

Constructing  Engineer,  Care  of  ( A 
Frazar  &  Co.,  Yokohama,  Japan.  (  M 


Sept.  20,  1893 
May  17,  1898 

Sept.  19,  1894 
Mar.  25,  1896 

April  15,  1884 
Jan.     6,  1885 

April   2,  1889 
Jan.  22,  1896 

April  21,  1 891 
Nov.  15,  1892 

Sept.  25,  1895 
Mar.  25,  1896 

Aug.   6,  1889 
Nov.  24,  1891 


May  24,  1887 
Dec.    6,  1887 


June  20, 1894 
Mar.  28,  1900 

Sept.  20,  1893 
Mar.  21,  1894 
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Name.  Address.  Date  of  Membership. 

Brinckerhoff»  Henry  Morton    General    Manager,  Metro-  f 

politan  West  Side  Elevated  R.  R.:  I  A  Sept.  23.  1896 
looi  Royal  Insurance  Bldg.,  Chi- j  M  Dec.  16.  1896 
cago,  III.  [ 


Brooks,  Morgan 


Professor  of  Electrical  Engineering, 
University  of  Illinois,  Urbana. 
111. 


A  May  20,  1890 
M  June  17,  1890 


Brown,  J.  Stanford,  E,E, 

[Life  Member.] 


,  Consulting  Electrical   Engineer,  f    • 
Cor.  Secy,  Carpenter  Steel  Co..  i  | 
Broadway;  Vice-Pres't  and  Treas.  |   .  q^  , 
New  York  Realty  Jind  Trust  Co  'A  Cr  m«« 
Treas..  of  the  Realty-Loan  Trust  I  ^  ^°^' 
Co. ,  489  5th  Ave. ;  New  York  City;  I 
residence,  Reading,  Pa.  I 


6.  1887 
I.  1887 


Browne,  Sidney  Hand.  Consulting  Engineer.   Duncan  and  f 
Browne.  Md.  Tel   Bldg.,  P.  &  A   I 


Tel. 


A  Apr   28,   1897 


Bldg.,  Pittsburg.  Pa.:  resi.^j^jj^^^3^   ^g^g 


dence.  The  St.  Paul  Apartments, 
Baltimore,  Md.  t 


Brush,  Chas.  F. 
Buck,  Harold  W. 
BuRCH,  Edward  P. 


Electrical     Engineer,      453 
Arcade,  Cleveland,  O. 


The 


A  April  15,  1884 
M  Oct.    21,  1884 


Electrical  Engineer,  Niagara  Falls  j  A  Jan.     16,  1895 
Power  Co.,  Niagara  Falls,  N.  Y.  \  MApr.   26.  1901 


Consulting  Electrical  Engineer, 
1210  Guaranty  Building,  Minne- 
apolis, Minn. 


A  Tan.    28,  1898 
M  May  17.  1898 


Burgess,  Chas.  Fred'k.  Asst   Professor  of  Electrical  Engi-  f 

neering.  University  of  Wisconsin,  J  A  Mar.  2c,  1896 
residence,  245  LangdonSt.,  Mad- j  MApr.  26,  Z901 
ison,  Wis.  [ 


Burleigh.  Chas.  B. 

Burt,  Byron  T. 
Burton,  William  C. 

Cahoon.  Jas.  Ulake 


Electrical  Engineer,  General  Elec-  f 
trie  Co..  200  Summer  St.,    Bos- I  A  April  21,  1891 
ton.   residence,    1    Oak  Terrace,")  M  Feb.  16,  1892 
Maiden,  Mass.  (^ 

Supt.  Chattanooga  Light  &  Power  (  A  Sept.  2^,  i8qs 
Co.,  Chattanooga,  Tenn.  \  M  Feb.  28,  1902 

Electrical   Engineer.   J.    G.  White  (  .    ^  g 

Co.,  22a  College  Hill,  London,  E.  \  ^,  Vw  *  :°'  \T^^ 
C.,Eng.  I  M  Dec.  27.  1899 

Consulting   Engineer,    35    Nassau  1 
Street,  New  York  City;  residence,  J  A  June  17,  1890 
11   Winyah  Ave.,  New  Rochelle. I  M  May  19,  1891 

N.Y.  J 


Caldwell,  Francis  Cary  Professor  of  Electrical  Engineering 
Ohio  .State  University,  residence 
401  W.  6tb  Ave.,  Columbus, 


e"ng,  i  ^  , 
dence,  •<  »,  •{ 

.  o.  ( ^^  y 


June  20,  1894 
~an.    24,  1902 


Carichoff.  E.  R. 


(15) 


Electrical  Engineer.   Otis   Elevator  (  .    w^.   ^,    ,0^. 
Co.    7.    Broadway.     New  York  j^  Mar- «.  ;g4 
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Name. 

Carhart,  Henry  S. 


Address. 


Date  of  Membership. 

Prof,    of     Physics,     University    of  \A  Sept.  25,  1895 
Michigan,  Ann  Arbor,  Mich.  (  M  April  22.  1896 

Carus- Wilson,  Prof.  Charles  A.     Consulting  Engineer, 
Old    Queen     St., 
London/ Kng. 
Vice  President  and   Manager,  The  f 


cer,  41  (  . 
inster,jj^j 


April  18, 1894 
M  April  1*,  1895 


Chamberlain.  J.  C. 

Chandler,  Charles  F. 
Cheney,  W.  C. 

Chesney,  Cummings  C. 


Electric   Launch   Co.,     BayonneJ  A  Dec. 


6,  1887 
3.  1888 


City,  N.J.:  residence,  i  West  8ist  j  M  Jan. 

St.,   New  York  City.  t 

Professor   of  Chemistry,   Columbia  j  A  Jan.    20,  1891 

University,  New  York  City.  \  M  June    7,  1892 

Consulting     Electrical      Engineer,  f 
Chamber  of  Commerce  Building,  j  A  Sept.  22,  1891 
Portland,  Or.;  residence,  Park  PI.,  j  M  Nov.  21,  1894 
Or.  I 


Chief  Electrical  Engineer,  Stanley 
Electric  Mfg.  Co.,  Pittsfield. 
Mass. 


1m  i> 


June  20,  1894 
Nov.  22,  1899 


Child*  Charles  Triplrr  Technical     Editor,   Electrical  Re-  [ 

view.  New  York  City  ;  rebidencc,  |  A  Jan.  25,  1901 
148  Claremont  Ave.,  Montclair,  ;  M  June  28,  1901 
N.J.  I 

Childs,  Arthur  Edwards,  B,  Sc.  M.E.,  E,E,    Vice-Presi-  f 

dent  and  Treasurer,  The  Light,  j  A  June  20,  1894 
Heat  and  Power  Corporation,  j  M  April  17,  1895 
23  Central  St.,  Boston,   Mass.      [ 


Chubbuck,  H.  Eugene 


Churchill,  Arthur 


Clark,  Ernest  P. 


Clarke,  Chas.  L. 


Colby,  Edward  A. 


CoMSTOCK,  Louis  K. 


Condict,  G.  Herbert 


Cornell,  Charles  L. 


Coster,  Maurice 


nt,  ( 


General  Manager,  Quincy  Lighting  f 
Companies,  and  Manager  Quincy  j  A  Dec.     4,  188S 
Railway     and      Carrymg      Co.,  |  M  April  20,  1899 
Quincy,  111.  (^ 

Manager    Purchasing    Department, 
British    Thomson-Houston    Co. 
Rugby,  Eng. 

Electrical  Engineer,  B.    Altman  &  ( 
Co.,   19th  St.  and  6th  Ave.;  resi-J  A  Jan. 
dence,   229   W.    18th   St.,    New  }  M  Nov 
York  City.  L 

Electrical  Engineer  and  Patent  Ex- 
pert, 31    Nassau  St.;    residence,  J 
20  Beck  St.,  Bronx  Borough,  New  ] 
York  City. 


A  April  15,  1890 
M  Jan.    17,  1893 


8,  1887 
I,  X887 


A  April  15,  1884 
M  Jan.     b,  1885 


Consulting  Engineer, 

Lock  Box  113,  Newark,  N. 


j  A  April    2,  1889 
J.  (  M  May     7,  1889 


Electrical  Engineer, George  A. Fuller 
Co.,  137  Broadway,  New  York 
City. 

Consulting  Engineer,  Electric  Ve- 
hicle Co.,  49th  St.  &  8th  Ave., 
New  York  City. 


A  Dec.  20,  1893 
M  Nov.  20,  1895 


JA  J, 

1m  s. 


July 
Sept. 


12,  1887 
6,  1887 


Treasurer,  Niles-Bement-Pond  Co.,  (A    Feb.  7.  1890 
13ft  Liberty  St.,  New  York  City.      (  M  June  27,  1895 


(17) 


Societe  Industrielle  d'Electricite, 
45  Rue  de  la,  Arcade,  Paris 
France. 


Sept. 
Mar. 


1895 
1896 
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Name. 
Alfred  H. 


Address.  Date  of  Memberahip. 

President     the      Cowlcs     Electric  f 
Smelting  and  Aluminum  Co.,  361 J  A  Mar.  5,    1886 
The  Arcade;  residence,  656  Pros- 1  M  May  7,    1889 
pect  St.»  Cleveland,  O.  [ 


Cox,  Frank  Powell 


Co  ,  Lynn,  Mass. 


I  M  April  25, 1902 


Crocker.  Francis  Bacon 

[Life  Member.") 


Cross,  Charles  R. 


{Past  President )      Professor     of  f 
Electrical  Engineering,  Columbia  f  A  May   24,  1887 
University;  residence,  14 W.  45th  J  M  April    2.  1889 
Tel.  3823  38th  New  York  City.    L 

Thayer   Professor   of   Physics,  and  f 
Director  of  the   Rogers   Labora- f  A  April  15,  1884 
tory,  Mass.  Institute  of  TechnoI-1  M  Oct.   21,  1884 
ogy,  Boston,  Mass.  |^ 


CusHiNG,  Harry  Cooke,  Jr.  Electrical  Consulting  and  Con-  (  .   ^  ^ 

cfnirtincr     F.n<rin#»#»r     an  rnrtlanHf  J  ^\  9?P'*   *?.    *?94 


stnicting   Engineer,  39  Cortlandts 


St.,  New  York  City. 


M  Nov.  1 8,  1896 


CUTTRISS.  CHAS. 


Daft,  Leo 


Electrician,  The  Commercial  Cable  j  A  Nov. 
Co..  20  Broad  St.,  New  York.         (  M  Dec. 

Consulting  Electrical  Engineer.  50 
Tiartfield  Koad,  Wimbledon, 
London  S.  W.  Eng. 


(a  E 

JMJi 


Dec. 
an. 


1887 
1887 

1884 
18S5 


Darlington,  Frederic  W.     Consulting   Electrical  and 
chanical  Engineer.  1120  Real 
tate  Trust  Bldg,  Philadelph' 


Davidson,  A. 


Davis,  Albert  G. 


Davls,  Charles  H 


Cable  Engineer  and  Electrician, 
Central  and  South  American  Tele- 
graph Co  ,  Lima,  Peru. 


1  Me-( 
;al  Es--^ 
ia,  Pa.  ( 


A  Sept.  19,  1894 
M  Nov.  25,  1895 


A  May   18,  1897 
MOct.    27,  1897 


Manager,Patent  Dep't. General  Elec-  j  A  Mar.  23.  1898 


trie  Co,  Schenectady,  N.Y. 
C.  E.,     Consulting    Engineer,     Broad 


[  Sept.  26,  1900 


Exchange   Bldg    New  York  City,  I   .    w^,    _«    ,«^ 
204   Walnut  Place.    Philadelphia,  \  Cr  V;,t:  I,   vS^ 

Pn  >.       Stat**      Str^^r        Kocton   V^  J^°«    ^7.  189O 


Pa 
Mass. 


4     State     Street,     Boston, 


r 


Davis,  Harry  Phillips 


Davis,  Minor  M. 


Dawson,  Philip 


Decker,  Edward  P. 


'1 


A  Jan.    25,  1901 
M  Sept.  27,  1901 


Engineer  of  Detail  Dept.,  Westing- 
house  E.  &  M.  Co. ;  residence,  337 
Neville  St.,  Pittsburg,  Pa. 

Tr.'iffic     Manager    and     Assistant  f 
Electrical  Engineer,   Postal  Tele-  1  A  April    6,  1886 
graph-Cable  Co.,   253  Broadway,^  M  May  16,  1893 
New  York  City.  ^ 

Consulting  Engineer,  Lennox  House 
Norfolk  St.,  Strand,  London,  "" 
C,  Eng. 

Engineer,       with       Westinghouse,  ( 
Church.  Kerr  &  Co.,  26  Cortlandt  i  A    Feb.  26,  1896 
St.,  New   York  City:   residence,  1  M  Oct.  27.  1897 
496  Second  St.,  Brooklyn.  N.  Y.  I. 

Delanv,  Patrick  Bernard     Inventor,  South  Orange  N.  J.      J  A  April  19,  1884 

{  M  Nov.  24,  1 891 

Dknham,  John  Electrician,  Cape  Government,  Cape  \  A  Jan.    24,  1900 

Town,  South  Africa.  (  M  May  15,  190O 


ouse,  (  . 


Sept.  25,  189s 
Feb.  17.  1897 


(i7) 


Digitized  by  VjOOQIC 


MEMBERS 


948 


Name. 

Dickenson.  Samuel  S. 
DiEHL,  Philip 


Dion,  Adolphe  Alfred 


Address.  Date  of  Membership. 

Sup't,  Commercial  Cable  Co.,  Ha- j  A  Mar.     6,  1888 
zel-Hill.  Guysborough  Co.,  N.  S.  |  M  Oct.      i.  1889 

Inventor,   Singer  Sewing  Machine  (  *    a ii  ,..    ,qo. 

Co.,  508  Morris  Ave.,  Elizabeth,  \  ^  ^P"^  '5.  1884 
N.  J.  (^  ^''''^ 

General  Supt.,  The  Ottawa  Elec- 
tric Co.,  Sparks  St.,  Ottawa, 
Ont. 


■1 


9,  1884 


A  Jan.      7,  1890 
M  Nov.  15,  1893 


Doane.  Samuel  Everett  Engineer  National   Electric  Lamp  j 
[Life  Member.]  Co.,  Marlborough,  Mass.  1 

Dodge,  Omenzo  G.,  Prof.  U.    S.    Navy,     Naval    Academy, 
Annapolis,  Md. 

Dover.  H.  Consulting     Electrical     Engineer, 

8  Phoenixstraat   Delft,  Holland.    ' 


DOMMBRQUB,  FRANZ  J. 

DoNNER,  William  H. 
Dow,  Alex 

Dudley,  Charles  B 
Dunbar,  F.  W. 

Duncan,  Dr.  Louis 

DuMLAP,  Will  Knox 
Dunn.  Gano  Sillick, 

Dyer,  R.  N. 
Edison,  Thomas  A. 
Edgar,  C.  L. 

Egger.  Ernst 

Emmet,  W.  L.  R. 
(19) 


Chief  Engineer,  Kellogg  Switch-  ( 
board  and  Supply  Co..  cor.  Con-i 
gress  and  Green  Sts.,  Chicago,  111.  { 

Ingleside.  31  Lyndhurst  Road  j 
Hampstead.  Eng.  \ 

Manager,  Edison  Illuminating  Co.,  | 
18  Washington  Ave.;  residence.-^ 
844  Cass  Ave.,  Detroit,  Mich.        I 

Chemist,  Penn.  R.  R.  Co..  Drawer 
334.  Altoona,  Pa. 

Engineer,  Kellogg  Switchboard 
and  Supply  Co.,  S.  W.  cor.  Green 
and  Congress  Sts.;  residence,  41 
Madison  Park,  Chicago,  III. 

(Past-President)  Duncan  &  Browne,  1 
Consulting  Engineers.  Baltimore,  J 
Pittsburg,  Philadelphia  and  71 1 
Brohdway,  New  York  City.  1 

Supt.  of  Construction,  Westing-  ( 
hQuse  Elec.  and  Mfg.  Co.,  Pitts-  \ 
burg.  Pa.  ( 

M, S. ,E,E,(  Vice-President).  Vice-  | 

President  and  Chief  Engineer,  | 
Crocker- Wheeler  Co.,  Ampere, -j 
N.J.;  residence,  115  W.  71st  St.,  | 
New  York  City.  I 

Patent  Attorney,  31  Nassau  St.,j 
New  York  City.  ( 

Mechanician  and  Inventor,  Lie-  j 
wellyn  Park,  N.  J.  \ 

President  Edison  Elec.  Illuminatmg  I 
Co.  of  Boston,  70  Stale  St.. J 
Boston:  residence,  259  Kent  St.,  1 
Brook  line.  Mass.  I 

Technical  Director,  Vereinigte  1 
Elektncitftts-Actien  Gescllschaft,  I 
Simmeringstr,  187,  Vienna,  X.,  | 
Austria.  1 

(  Vice-President.)  Electrical  Engi-  | 
ncer,  Gen'^ral  Electric  Co.,  Sche-n 
nectady,  N.  Y.  | 


Aug.    6,  1889 
[  June  27.  1895 

.  Sept.  20  1893 
r  April  17,  1895 

Jan.      7,  1890 
[  Mar.  18,  1890 

.  Oct.   17,  1894 
[  Mar.  25,  1896 

Nov.  18,  1890 
\  Dec.  16,  1890 

Sept.  20,  1893 
[  Dec.   18,  1895 

Oct.      1.  i88g 
[  Nov.  12,  1889 

Dec.  21,  1892 
[  May  16,  1893 


July    12.  1887 
;  Sept.    6,  1887 


Sept.  25,  1889 
June  24,  1895 


April  21,  1891 
:  June  20,  1894 


July   12,  1887 
:  Sept.    6,  1887 

April  IS,  1884 
:  Oct.    21.  1884 

Jan.    22,  1896 
[  May  19,  1896 


Feb    21, 1893 
'  Mar.  21,  1894 

June    6.  1893 
[  Jan.    17,  1894 
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Name.  Address.  Date  of  Membership. 

Fessenden.  Reginald  A.  Special  Agent.  U.  S.   Weather  Bu- j  A  Oct.   21,  1890 


reau,  Washington,  D.  C. 

Field.  Cornelius  J.,  Af.  E.  Sales  Ajjent,  Darracq  Motor 
Cars,  133  West  38th  St..  New 
York  City. 


r« 


Dec.  16,  1890 


Field,  Henry  Gkoroe 

Field,  Stephen  1). 
Fischer,  Gustave  J. 

Fish,  Walter  Clark 
Fisher,  Henry  W. 

FiTZMAURicE,  James  S. 

Flack,  J.  Day,  Af,  E. 

FORTRWBAUGH,  S.   B. 

Foster,  Horatio  A. 
Foster,  Samuel  L. 

Freedman,  William  H. 


Consulting  Engineer,  Field  & 
Hinchman,  1206  Majestic  Build- 
ing, Detroit.  Mich. 


Klectrical    Engineer,    Stockbridge,  j  A  April  15,  1884 


1 
1« 


A  June 
M  Nov. 


8,  1887 
I,  1887 


April  22,  1896 
Dec.  16.  1896 


M  Oct.  21,  1884 


Jan.    20,  1 891 
May  17,  1898 


Mass. 

Engineer  for  Tramway  Construction, 
Public  Works  Department 
Sydney,  N.  S.  W 

Manager  Lynn  Works.  General  Elec-  j  A  June  26,  1891 
trie  Co.,  Lynn,  Mass.  {  M  Feb.   26,  1896 

Electrician  and  Director  of  Elec.  and  ( 
Chem.  Laboratories:  The  Standard  j  A  Jan.     16,  1895 
Underground  Cable    Co.,     Titts- |  M  April  26,  1901 
burg,  Pa.  t 

{Local  Honorary  Secretary)     Chief  f 

Engineer,  The  Electric  Light  I  A  Sept.  20,  1893 
Branch,  210  George  St.,  Sydney,)  M  Mar.  21,  1894 
N.  S.  W.  t 

Supt.  Engineer  of  the  International  (  .   j^         ,     gg 


Smokeless  Powder  and   Dynamite  \  w  tr- J  «,    \Z}. 
Co.,  Parlin,  N.  J.  (  ^  ^^^  "»  '®« 

itan  f 

:o..  I  , 


M  Dec.  16.  1896 


Electrical    Engineer,    Metropolitan  f 

District    Electric    Traction    Co.,  |  ^    .^  .1  ,_    _ft^. 
Ltd,   37  Hamilton  House.    Vic--^  -- ^P"* '7* '?95 
toria  Embankment.  London  E. 
Eng. 

Electrical    Engineer,     650    Bullitt  \  A  June    8.  1887 
Building,  Philadelphia,  Pa.  \  M  Sept.   6,  1887 

Chief   Electrician,    Matkct    Street  f 
Railway  Co.,  Market  &    Valencia  I  A   Feb.  26,  1896 
Sts. ; residence.  368724th  St..  San  |  M  Nov,  18,  1896 
Francisco,  Cal.  t 

Professor  of  Electrical  Engineering  (  .    w         ^     ^ 
University  of  Vermont;  residence.  <{>  ^"I*  '«»  "^ 
222  So.  Union  St..  Burlington, Vt.  (^  ^^-  "'  "^^ 


A   May 
M  Sept. 


1889 
1889 


Frkkman,  Dr.  Frank  L.  Attorney-at-l.aw,  Solicitor  of  Pat- 
ents Electrical  Expert,  931  FSt., 
Washington,  D.  C. 

Gale,  Horace  B.  Mechanical  and    Electrical    Engi-  \  A  Nov.  15,  1892 

neer,  Natick,  Mass.  \  M  May  16.  1893 


Garfield,  Alex.  Stanley  ?2ngineer,  10  Rue  de  Londres: 
residence.  67  .\ venue  de  MalakofT, 
Paris,  France. 


*  \  A  Jan.   26,  I 

*  i  M  June  28,  I 


898 
1901 


Garratt,  Allan  V. 


(17) 


Chief  Engineer,  I.rombard  Governor  f 
Co.,  36  WhittierSt  ,  Boston;  resi- I  A  April    2,  1889 
dence,  6   Newbern    St..  Jamaica  |  M  May    7,  1889 
Plain,  Mass.  (^ 
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Name. 

Gerry    M.  H.,  Jr. 


Address.  Date  of  Membership. 

Chief   Engineer  and  General  Man-  (  ^  ^^^^  ^g^  ^^^ 

M  Oct.  21,  1896 


Geyer,  Dr.  Wm.  E. 


1888 
1888 


ager,  Missouri  River  Power  Com- 
pany, Helena,  Mont. 

Stevens  Institute  of  Technology,  (  A  June 
Hoboken,  N.J.  \U  Sept. 

Gharky,  William  David  Electrical  Engineer,  Firm  of  Cle-  ( 

ment  &  Gharky,  2347  Park  Ave.,!  A  May  21,  1895 
Philadelphia,  and  56  McGill  Bldg.  )  M  Feb.  26,  1896 
Washington,  D.  C.  ( 

GiFFORD,  Clarence  E.      Professor  of  Engineering,    Caton's  (aw.    .^     q^ 
College;  residence,  878  Prospect-^  f:  i?^^  J^'  J5^3 
Ave..  BuflFalo.  N.  Y.  *^       (  ^  ^^^-  ".  ^894 


Gladson,  Wm.  N. 


Goddard,  Chris.  M. 


Professor  of  Electrical  Engineering, 
University  of  Arkansas,  Fayette- 
ville.  Ark. 


i  A  Dec.  28, 
1  M  Jan.  24, 


1898 
1902 


Secretary  New  England  Insurance  f 

Exchange.       Sec'y  Underwriters*  f  .    a..  ;i  .,«   ,«ujt 
National  Electric  Ass'n,  55  Kilby^  ^  p^"*  "•  *°^ 

St  .  Bn«tnn.    re^iH^nr*.      f"s  ««-  |  ^  F«*>-   ^8,  I902 


St,,  Boston,  residence,   1008  Bea- 
con St.,  Newton  Centre,    Mass. 


GoLDSBOROU(iH,  WiNDER  Elwell,  M,  E.,  Professor  of  Elec- 
trical Engineering  and  Director 
Electrical      Laboratory.     Purdue 
University,  113  South  St.,  Lafay-  j 
ette,  Ind.  L 

GoLTZ,  William  Consulting     Electrical     Engineer, 

Goitz     Engineering     Co.,     1504 
Monadnock  Block,  Chicago,  III. 

Goodman,  Wm.  Geo. Toop  Electrical  Engineer,  Noyes  Bros., 
P-lectrical  Engineers,  Box  361, 
Dunedin,  New  Zealand. 


^\  A  Mar.  21. 
"^^^MJan.  25, 


1893 
1899 


A  Oct. 
M  Feb. 


27,  1897 
23.  1898 


A  Aug.  23,  1899 
M  May  15,  1900 


GossLER,  Philip  Green 


Gotshall,  Wm.  C. 
Gregg,  Tom  Howard 


GUTMANN,    LUDWIG 


Hadaway,  W.  S.,  Jr. 
Hadlev,  Arthur  L. 


Hadley,  Fred'k  W. 

[Life  Member.] 


Hafkr,  Geor(>e,  Jr., 


Hall,  Clayton  C. 


General  Superintendent  and  Elec-  (  *    t. 
trical    Engineer,    Royal   Electric  \  (>  {""^  ^7'  \ 
Co.. 94  Queen  St..  Montreal,  P.Q.  /  ^  J"°^  ^^^  ' 


894 
898 


9.  1901 
24,  1902 


Consulting  Engineer,  76  William  St.,  (A  Jan. 

New  York  City.  ( M  Jan. 

Supt.  Electrical  Construction,  U.  S.  f 

Light   House    Board.  Tompkins- J  A  Mar.  22,  1899 

ville.  S.     1..    N.  Y.;  residence,  6  .  MSept.  26,  1900 

Wall  St.,  St.  George,   S.  I.  [ 

Consulting  Electrical  Engineer,  309  j  A  Sept.  14,  1888 

Y.  M.  C.  A.  Building,  Peoria,  111.  |  M  N" 
Electric     Heating     Engineer, 

Liberty  St.,  New  York  City. 


111.  I  M  Mar.  21,  1893 

107  j  A  Nov.  21,  1894 

(M  Oct.  21.  1896 


1894 
1901 


(x8) 


Electrical    Engineer.    Fort    Wavne  (  a  ^  *. 
Electric  Works,  residence,  252  W.  \  w  w 
DeVVald  St.,  Fort  Wayne,  Ind.      f  ^  ^^^'■* 

Electrical  Eng'r,  c/o  Westinghouse,  f 

Church.  Kerr&  Co..  26CortlandtJ  A  Aug.     5,  1896 

St.,  New  York;  residence,  Arling-j  M  Feb.  28,  1901 

ton  Heights,  Mass.  (^ 

Electrical  Engineer,  Cincinnati  Gas  J  A  Nov.  23,   1900 

and  Electric  Co.,  Cincinnati,  O.     \  M  Apr.  26,  1901 
Attorney-at-Law,     and    Consulting  ( 

Actuary,     Room    40,    Maryland  J  A  April  15,  1884 

Life    Building,    10    South    St.,'iMOct.    21.1884 

Baltimore,  Md.  I, 
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Name. 

Hall,  John  L. 


Hamilton,  Gko.  A. 


Hammer,  Edwin  W. 
Hammer,  William  T. 

[Li(e  Member.] 


Hanchett,  Geo.  T. 

Harrington,  Walter  E. 

Hartwell,  Arthur 

Haskins,  Caryl  Davis 
Hasson,  W.  F.  C. 


AddrcM.  Date  of  Membenhip. 

District  Manager,  Bullock   Electric  f 

MTg.  Co.,  6o8-6c9  North  Amer- I  A  Sept.  22,  1891 
ican  Bldg.;  residence,  3116 1  M  Dec.  20,  1893 
Euclid  Ave.,  Philadelphia,  Pa.       [ 

{^Treasurer,)    Electrician,    Western  f 
Electric     Co.,  463   West    Street.  I  A  April  15,  1884 
New  York  ;  residence,  532  Morris  |  M  Oct.    21,  1884 
Ave.,  Elizabeth,  N.  J.  t 

Electrical   Engineer.   1 8   North  22d  J  A  Nov.  18,  1896 
St.,  East  Orange,  N.  J.  {  M  June  23,  1897 

Consulting  and   Supervising   Elec-  f 
trical  Engineer,  1406  Havemeyer     *    i, 
Bldg,  26  Cortlandt  St.,  [Tel   251^  fV  { 
Cortlandc]  :    residence,  153  West         ^ 
46th  St.,  New  York  City.  |^ 

Electrical  and  Technical  Engineer, 
123  Liberty  St..  N.  Y. ;  residence, 
Hackensack,  N.  J. 


A  June     8,  1887 
M  July   I2»  1887 


A   May  19,  1896 
M  Feb    15,  1899 


Electric 
Market  St 
don  Ave, 


Railway   Engineer,    200  (  .   ^ 


1891 
899 


Sales  Manager,  Westinghouse  Elec-  (  *  w„  _-  -a^, 
trie  and  Mfg,  Co.;  residence.  505  \  t,  JJ*J  I^.  IB94 
S.  Linden  Ave.,  Pittsburg.  Pa.      (  ^  ^^^'  ^'  '*^5 

Electrical  Engineer,  General  Electric  j  A  Mar,  18,  1890 

J  M  June  20,  1894 

Mar.  18,  1890 
May  IS,  1894 


Co..  Schenectady,  N.  Y 

Government  Electrical  Inspector, 
Territor)'  of  Hawaii,  Honolulu 
11    I 


1" 


Hayes,  Hammond  V.  Electrical  Engineer,  the  American  f 


Hayes,  Harry  £. 

Heath,  Harry  E. 
Heinrich,  Richard  O. 

Henshaw,  Frederick  V. 

Herdman.  Frank  E. 

Hering,   Carl 

[Life  Member.] 

Hbrrick,  Charles  H. 
(17) 


Telephone  and  Telegraph  Co.,  125  J  A  Nov.  12,  1889 
Milk  St.,  So.  boston;  residence,  j  M  Mar.  18,  1890 
Cambridge,  Mass.  \_ 

Asst.  Electrician,  American  Tele- (  .  a^-:i  .a  ,««• 
graph  and  Telephone  Co.,  « ■  I  ^  ^pnl  18,  1893 
Thames  St.,  New  York  City.  (  ^  ^^-  ^^'  **93 

Chief      Engineer,     Eddy     Electric  j  A  Mar.  21.  1893 


M'f'g.  Co.,  Windson,  Conn.  \  M  Mar.  25,  1896 

General  Manager,  European  Weston  (  .  ^^^ 
Electrical  Instrument  Co.,  88-|{\X^ 
Ritterstrasse,  Berlin,  Germany.  (  ^" 
Ass't.  Engineer,  Crocker-Wheeler  (  a  p  ^ 
Co.,  Ampere,  N.  J.;  residence.  79-|  **  xj  * 
State  St..  Brooklyn,  N.  Y.  (  ^  ^®^* 

Mechanical  and  Electrical  Engineer,  (  *   ri  a     an.« 

Otis  Elevator  Co.,  Chicago  ;  resi--!  f:  r^'  "'  ^?95 


3,  1888 
5,  1888 


dence.  Winnetka,  111.       '  P^  ^^^-   ^'^ '®9«> 

{Past  President.)  Consulting  Electri- 
cal   Engineer,  929  Chestnut  St.;      *    t« 
Philadelphia,  residence,    Lehman  ^   M  Tu**'* 
Lane,  Germantown,  Philadelphia.  ^   ^ 

Pa.  . 

Superintendent     Isolated    Lighting  f 
and  Power  Dep't.,^ Edison  Electric  I   .    a^  ji  «,    -o  , 
Illuminating  Co.,  3  Head  Place. ^  ^  ^^  "'  ^^ 
Boston;  residence,  22  HerrickSt..  |  ^  J"*   *'•  "*93 
Winchester,  Mass.  ^ 


I,  Z889 
25.  1892 

5.  1889 
20,  1895 
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Name. 

Herzog,  F.  Benedict, 


Address. 


Date  of  Membership. 


PA 


D.    President,  Herzog  Tclcscmc  (  *    x^r^.    «.    -qq- 
Co..  5,  W.  ^'th  St./New  Yorkj^  M^X  ^4.  ;8g 

Electrical  Engineer,  Union  Traction  (  a  q^„^  .^  .q,^ 
Co.,  809  Spruce  Street,  Phila- -^  f:  ^P^' J^' Jj^ 
delphia.  Pa.  ^  |  M  May  17,  1892 

Hewlett,  Ernest  Holcombe    64  Victoria  St.,  Westminster,  j  A  Aug.  23, 1899 

1  M.  - 


Hewitt,  Charles 


London,  England. 


Dec.  27, 1899 


HiBBARD,  Angus  S. 


HiGGiNs,  Edward  E. 


Hill,  George,  C.E. 


General  Manager.  Chicago  Tele-  (  *  Nov  sa  1801 
phone  Co.,  203  Washington  ^^^^^-^-JI^J 
St.,  Chicago,  III.  (^  ^^^'  '^'  "^* 

Treasurer  McGraw-Marden  Co. ,  32 
Waverly  Place,  New  York  City  ; 
residence,  Tarrytown,  N.  Y, 


! ( A  June     8,  1887 
'  j  M  July    12,  1887 


Consulting  Engineer,  100  Broadway, 
Rooms  7-8,  14th  Floor  (Telephone 
6870,  Cortlandt),  New  York  City. 


1« 


April  19,  1892 
June  28,  1901 


Hobart,  Henry  M.  Engineer,   Union   Electricitats  Ge-  f 

seilschaft,  43  Dorotheen  Strasse;  I  A  April  18,  1894 
residence,  t23a  Potsdame  Strasse,  1  M  Sept.  27,  1899 
Berlin,  Germany.  (^ 


Holmes,  Franklin  S. 


HosMSR,  Sidney 


Electrical  Engineer.  108  Fulton  St.,  (  .  ^^  .,  ^^  ,«^, 
New  York  City  ;  residence.  318  \  ^  ^f™  l}*  Jgi 
E.  I2th  St..  Brooklyn,  N.  Y.  (  ^  J""^  ^'  '^* 

Electrical  Engineer,  Boston  Electric  (  .  t^^„  ,«  _«^^ 
Light  Co  .  Ames  Building.   Bos-]  ^  May  l8.  1897 


ton,  Mass. 


Houston,  Edwin  J.,  FA.D.  {Past Fresidgnt,)  Prof.of  Physics,  ( 


[Life  Member.] 


jer.  Lamp  Works  General  (  .  y„,  ,_  _„«_ 
ric  Co..  Harrison;  residence,  \  ^  \^^J  "'  "SJ 
ntine  Parkway. Newark. N.J.  /  ^  J"''^     5.  l888 


Franklin  Inst.,  residence,  1809 •<  A  April  15,  1884 
Spring  Garden  St.,  Phila.,  Pa.        (  M  Oct.    21,  1884 

Engineer,    Lamp   Works    General  ( 
Electric  ( 
Ballantine  1 

Manager,     Lamp  Testing  Bureau,  (  A  Sept.    3,  1889 
14  Jay  St.,  New  York  City.  (  M  Mar.  18.  1890 

Engineering  Department,  Canadian  (  .    ,  ,       , 
General    Electric    Co.,    Ltd.,    e-^^J^V^   oq   J^ 
Queen  St.,  Montreal,  Que.  (  ^  ^^^'  ^^^  '^02 

Hubley.  George  Wilbur  Superintendent  and  Electrical  Engi-  f 

neer  Louisville  Electric  Light  Co. ;  j  A  Sept.  19.  1894 
residence,  1205  Garvin  Place,!  M  May  15,  1900 
Louisville,  Ky.  (^ 


Howell,  John  W. 


Howell,  Wilson  S. 


HowLAND,  Lewis  A. 


Humphrey,  Henry  H. 


Hunter,  Rudolph  M. 


Hunting,  Fred  S. 


Consulting  Electrical  Engin( 
Suite  T305  Chemical  Building, 
Louis,  Mo. 


Expert  and  Counsellor  in 
Causes,  926  Walnut  St., 
delphia.  Pa. 


Patent  i 


Dec.   16,  1896 
April  28,  1897 


1886 


(17) 


Chief    Engineer,  Engineering  De-  ( 
partment.   Fort    Wayne    Electric!  A  Nov.  15,  1892 
Co.,  325   West  Washington   St.,  |  M  May  16,  1893 
Fort  Wayne,  Ind.  (^ 


Digitized  by  VjOOQIC 


M8 


MEMBERS 


Name. 

Hutchinson,  Dr,  Gary  Talcott 


[Life  Member.] 


Hyde,  Jerome  W. 


Inrig,  Alec  Gavan 


Ives,  Edward  B. 
Jackson,  Dugald  C. 


Jackson,  Francis  E. 


Jackson,  Henry 


Jackson,  John  Price 


Jackson,  Wm.  B. 
Jannus,  Frankland 


Jehl,  Francis 


Jenks,  William  J. 


Jones,  Francis  Wiley 

[Life  Member.] 


Address. 
Consulting^ 


Engineer,     5b    Pine 
York  City. 


Date  of  Membenhip. 
Electrical 
St..     New 


Y« 


Feb.     7,  1890 
Dec.  16,  1890 


Ass't    Treasurer,    The    Springfield  (  *    t ^     q    .qb^ 

Steam   Power  Co..  Wa^n   Bldg.  -^^1?°^     ?'  HH 
Springfield,  Mass.  (^  ^°^*     '*  '®®7 


Globe  Electrical  Co.,  Arthur  Villa,  (  .  x^„ 
Agnes  Road,  Blundellsands,  near  ■/--  4?" 
Liverpool,  Eng. 

Signal   Officer,    U.  S, 


19,  1S92 


Volunteers, 
War  Dept.,  Washington,  D.  C 


jM  May  17,  1892 

-s,  j  A  April    2,  1889 
(  M  May  15,  1894 


Consulting  Engineer,  Professor  of  (  *   ^^ 
Electrical  Engineering, University-I  ^  j  J     2' 
of  Wisconsin,  Madison,  Wis.         (  «  June  17, 


1887 
1890 


'ac-  r 

&e;/AJj 
it.,lMJ 


an.      3,  1888 
une  17,  1890 


Incandescent   Filaments    Manufac- 
turer,   128   Essex  Ave,,  Orang< 
residence,    61    South   Grove    St, 
East  Orange,  N.  J.  t 

Telegraph  Supt.  and  Engineer,  The  f 

Lancashire  &  Yorkshire  Railway/  A  Mar.  21,  1894 
Co.,  Horwich,  Bolton-le  Moors,  1  M  Dec.  19,1894 
Lancashire,  England.  V 


(a  Sept.  27.  I 
1  M  Jan.    17.  I 


892 
894 


Professor  of  Electrical  Engineering, 
Penn.  State  College.  State  Col 
lege,  Pa. 

Engineer,     with    Stanley     Electric  j  A  Aug.  13,  1897 
M*fg  Co..  Pittsficld,  Mass.  (  M  June  24,  1898 

Attomcy-at-Law,Solicitor  of  Patents,  (  .    -^  »ftO/* 

Room  1113  ;  141  Broadway,   (Tel.  \  ^  ^"Z'  IV  JSS 
6273  Cortiandt),  New  York  City.    (  ^  ^^''  ^^'  '^ 

I  Meszaroo-utcza  14,  1  Stock  Thur  j  A  June  27,  1895 
12,  Budapest,  Hungary.  (  M  Jan.    22.  1896 

Secretary,  Board  of  Patent  Control,  f 
120   Broadway,  New  York  City;  I  A  June     8,  1887 
residence,  497  4th  St.,   Brooklyn,  |  M  Nov.    i,  1887 

N.  Y.  I 


Electrical  Engineer,  Postal  Tele-  | 
graph-Cable  Co.,  253  Broadway,  i 
New  York  City.  { 


A  April  15,  1884 
M  Oct.    21,  1884 


Keith,  Dr.  Nathaniel  S.    Mining  and   Metallurgical    En-  C 

gineer,  Room  505,  95  Liberty  St.,  1  A  April  15.  1884 
New  York  City;  residence,  Ar-1  M  Jan.  17,  1894 
lington,  N.  J.  (^ 


Kenan,  Wm.  R.  Jr. 


Kennelly,  Arthur  E. 

[Life  Member.] 


A  May     i,  1888 
M  May  16,  1899 


c/o  Traders'  Paper  Co.,  Lockport,  j  A  Jan.    20,  1897 
N.  Y.  (MApr.  26,  1901 

{Past-President)  Consulting  Electri- 
cal Engineer  and  Electrical  Ex- 
pert, 218  S.  4th  Stt.;  residence. 
The  Lansdowne,  N.  41st  St.  and  | 
Parkside  Ave.,  Philadelphia,  Pa. 
deK hotin.sk Y,  Capt.  Achilles,    Late  Chief  Electrician  and  ( 

Torpedo  Officer,  Imperial  Russian  j  A  Oct.  27,  1891 
Navy,  5526  Jefferson  Avenue,  |  M  Nov,  23,  1899 
Chicago,  III.  (, 

(17) 
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KiLGOUR,  Martin  Hamilton  Boroujjh  Electrical  Engineer, 
335  High  St.,  Cheltenham.  Eng- 
land. 


C-JMJ: 


April  26,  1901 
~an     24,  190a 


Kinsman,  Frank  E. 


Kirkland,  John  W. 


Electrical    Engineer,    95     Liberty  ( 
St.,  New  York  City;    residence,  f  A  Sept   27,  1892 
836   Sherman    Ave.,     Plainfield,}  M  May  16,1893 
N.J.  L 

c/o  So.  African  General  Electric  (  *  \m^,  «,  ,0^- 
Co.,  Hampson's  Building,  Dur-J^-  ^*'^-  ^^  **^ 
ban.  Natal,  S.  Africa. 


M  Sept.  26,  1900 


Knowles,  Edward  R.  E,  E.,  C.  E.  Consulting  Electrical  En-  f 

gineer,  136  Liberty  St.,  New  York  1  A  June  8,  1887 
City;  residence,  68  Downing  |  M  July  12,  1887 
Street,  Brooklyn.  N.  Y.  [ 


Knox,  Chas.  Edwin 


Knudson,  a.  a. 


Lange  Philip  a. 


Langton.  John 

[Life  Member.] 


With   C.    O.   Mailloux,   Consulting  f 
Electrical  Engineer,  76   William]  A. 
St.;  residence,  108  W.  122nd  St.,  ]  M. 
New  York  City.  [ 

Electrical  Engineer,  Room  416,  32  f 
Nassau  St.,  New  York  City.  Tele- I  A 
phone  2100  John  ;  residence,  758 1  M 
Putnam  Ave.,  Brooklyn,  N.  Y.       t 

Superintendent  Westinghouse  Elec-  i  . 
trie  and  Manufacturing  Co.,  East-]  «- 
Pittsburg.  Pa.  (  ^ 

Engineer,  72  Trinity  Place,  New  j  A 
York  City.  (  M 


May  16,  1899 
Dec.  27,  1899 


Dec.     6,  1887 
Jan.      3,  1888 


Lardner,  Henry  Ackley    J.  G.  White  &  Co.,  29  Broadway,  j  A 
New  York  City.  \  M 


La  Roche,  Fred.  A. 


Layman,  W.  A. 


Senior  Member  of  F.  A.  La  Roche  f 
&  Co.,   652-664   Hudson   Street;  j  A 
residence.   28  W.  25th   St.,    New  J  M 
York  Ctty.  ( 

Assistant  Manager  and  Treasurer,  (  * 
Wagner  Electric  MTg.  Co.,  2017-!  ^ 
Locust  St.  St.  Louis,  Mo.  ( 


Mar     6,  18&8 
June     5,  1888 

Mar.    6,  1888 
June     5,  1888 

Dec.   19.  1894 
May    16,  1899 

Sept.  19,  1894 
Nov.  20,  1895 


Nov.  22,  1899 
Nov.  23,  1900 


Lemp,  Hermann,  Jr.  Electrician,  General  Electric  Co. ;  (  . 

'J  U£.      All  A  T  J    A 


■|i 


Leonard,  H.  Ward 

[Life  Member.] 


residence,  186  Allen  Ave.,  Lynn,  ■\  j^ 
Mass 

Electrical   Engineer.    Pres't.  Ward  f 
Leonard  Electric  Co.,  Bronxville,  j  A 
N.  Y. ;  residence,  Lawrence  Park,  1  M 

N.  Y.  t 

Leslie,  Edward  Andrew    General   Manager.   Edison   Elec-  f 
trie  Illuminating  Co..  360  Pearl  j  A 
St.;  residence.  262  Hancock  St.,  |  M 
Brooklyn,  N.  Y.  [ 

Levis,  Minford 


April    2,  1889 
Feb.  21,  1893 


July    12,  1887 
Sept.    6,  1887 


Jan.    16,  1895 
Feb.  17,  1897 


Electrical  Engineer,  36    North  4th  (  » 
St.;     residence,     3413     Chestnut-]^ 
St.,  Philadelphia,  Pa.  (  ^ 

Leyden.  Harry  Russell,  Hamilton  Elec.  Lt.  &  Cataract  Pr.  ^  A 
Co.,  Mgr.,  Hamilton,  Ont.  j  M 


Feb.  21,  1893 
June  23,  1897 

Nov.  23,  1900 
Feb.  28,  1901 
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Name. 

LiEB,  John  William,  Jr. 


Address. 


Date  of  Membenhip. 


LiGHTHiPE,  James  A. 

Lincoln.  Paul  M. 
Lloyd»  Herbert 

Lloyd,  John  E. 
Lloyd,  Robert  McA. 


( Vice-Presidtnt)  Associate  General  f 
Mgr.,  The  N.  Y.  Edison  Co.,  53  !  A  Sept.    6,  1887 
Duane   St.:    residence,  869  West  ]  M  Nov.    i,  1887 
End  Ave.,  New  York  City.  (^ 

District  Enjfinecr,  General  Electric  (*    u-.  ^. 

Electrical  Supt.  Niagara  Falls  I'ower  j  A  Sept.  25,  189s 
Co.,  Niagara  Falls,  N.  Y.  {  M  June  24.  1898 

Vice  President  and  General   Mana-  f 
ger.      Electrical     Engineer    and  I  *    Ti        <m^   tQ^^ 
Chemist.    The    Electric    Storage  V  ^  J""*=  f^»  J?2f 
Battery  Co..  Allegheny  Ave.  and  j  ^  ^^^^  "'  '^^5 
19th  St  ,  Philadelphia,  Pa.  I, 

Chief      Engineer       and       General  f 

Manager  Cape  Town  Tramways,  J  A  Jan.  22.  1896 
49  Sir  Lowry  Road,  Cape  Town,  (  M  Mar.  25,  1896 
S.  Africa.  I 


A  Oct.    21.  1890 
M  Nov.  15,  1893 


LocKwooD.  Thomas  1)., 

[Life  Member.] 


LOOMIS,  OSBORN  P. 


Electrician,  100  Broadway;  resi- 
dence, 5  Gramercy  Park,  New 
York  City. 

Electrical  Engineer,   and  Advisory  f 
Electrician,   American  Telephone!  A  April  15,  1884 
and  Telegraph  Co.,  125  Milk  St..|  M  Oct.   21,  1884 
P.  O.  Drawer  2,  Boston,  Mass.       l^ 


Electrical  Engineer,  Newport  News 
Shipbuilding  and  Dry  Dock  Co. 
Newport  News,  Va. 


"1 


A  Sept.  16.  1890 
M  Dec.  16,  1896 


LoRRAiN,  James  Grieve,  MJ.E.E.,  MJ.  Meek.  E.      Char-  f 
tered     Patent     Agent,      Norfolk  )  A 
House,    Norfolk     St.,     London,  }  M 
W.  C,  England.  L 


Lovejoy,  J.  R. 


M 


General  Manager,  Supply  Dept., 
General  Electric  Co.,  Schenec- 
tady, N.  Y. 

Manager,  Bullock  Electric  Co.,  St.  f 
Paul  Bldg..  New  York  City:  resi-  I  A 
dence,    326   Richmond    Terrace,  1  M 
New  Brighton,  S.  L  [ 

Assistant  Engineer,  Chicago  Office,  f 
(ieneral  Electric  Co.,  Monadnock  j  A 
B'ld'g.,  Chicago  ;   residence.  1308  )  M 
Maple  Ave.,  Evanston,  111.  t 

Maccoun,  Andrew  Ellicott  Supt.  of  the  Electrical  Dep't.,  ( - 
The  Carnegie  Steel  Co.,  Braddock,  <  ^ 
Pa.  ( 


May   16,  1891 
May   15.  1894 


April  21,  1 891 
Feb.  21,  1894 


Lozier,  Robert  T.  E. 


Lyman,  James 

[Ufe  Member.] 


Macfarlane,  Alexander,  Z>.  Sc,,  LL.D.  Lecturer  on 
Mathematical  Physics,  Lehigh 
University,  South  Bethlehem.  Pa. 
residence,  Gowrie  Grove,  Chat- 
ham, Ont. 


May  20,  1890 
Jan.  24.  1900 


Sept.  19,  1894 
Jan.   9.  1901 


Nov.  20,  1895 
July  18,  1899 


Jan.  19,  1893 
lay  17,  1892 


Mailloux,  C.  O. 

[Life  Member.] 


(«5) 


{Afanaj^er)  Consulting  Electri- 
cal Engineer,  76  William  St., 
Telephone  2776  John  :  residence, 
48  W.  73d  St..  New  York  City. 


I 


April  15,  1884 
Oct.    21,  1884 
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Mansfield,  Arthur  N.    nth  and  Filbert  Sts.,  Philadelphia,  j  A  Dec.  20,  1893 
Pa.  \  M  June  20,  1894 

Marks.  Louis  B.,il/.i1/.ie.    Electrical   Engineer,  687    Broad- (  .    ^,       ^     .«_ 
way;  residence.  No.  ,  East  94thj  ^  J*J  %'  J^^ 


St.,  New  York  City. 


Marks.  William  Dennis,  Ph.B,  C  E.  President,  City  Heat  j  A  Feb.     7,  1888 
and  Light  Co.,  Fostoria,  O.  (  M  May     i.  1888 


Marshall,  J.  T. 
Martin,  Jilius 

Marvin,  Harry  N. 

Maver.  William,  Jr. 

Mayer.  George  M. 

Maynard,  Geo.  C. 
McCay,  H.  Kent 

McCrosky.  James  W. 

McCrossan,  J.  A. 
Mershon,  Ralph  D. 

Millis,  John 
Mitchell,  James 

[Life  Member.] 

Mix.  Edgar  W. 


Engineer,     Lamp    Works,  j  A  Oct.      i,  1889 

~        "      "  "         Im  " 


Asst 
General  Electric  Co.,  N.  J 


Nov.  12.  1889 


Master     Electrician,    Navy    Yard.  (  *    ^  .     ^_    -Ono 


c/o  American  Mutoscopeand  Bio- 
graphCo.,841  Broadway,  New 
York  City. 


JA  A 
]MJ 


April  19,  1892 
"an.    17,  1893 


Electrical   Expert    and   Consulting  f 
Electrical  Eng'r,   120  Liberty  St.,      .    »..!„   »«    TSfi- 
New  York   Cui  :   residence^  227-^  t  ^"'L  "'    5*' 
Arlington  Ave.  (Tel. 1 282  liergen)  I  ^  Apnlai,  1891 


Jersey  Cicy,  N.  j. 

Mechanical  and  Electrical  P^ngineer, 
is8i  Monadnock  BIdg.,  Chicago, 


»  (a  t 

'•JMJ 


Dec.  16.  1890 
une  20,  1894 


Electrical    Engineer,    Smithsonian  j  A  April  15,  1884 
Institution,  Washington.  D.  C.      (  M  Dec.     9.  1888 

Pres.,    McCay    Engineering    Co..  (  .    ^         ,      -^ 
107   E.    (lerman  St.,   Baltimore.  \^,  ?fP;'  J^'  J^r 

Chief  Engineer,  La  Capital  Tramway  f 

Co.  andCompaniade  LuzyFuerzaJ  A  Dec.  20,  1893 
Motriz  de  Cordoba,  Reconquistal  M  Dec.  16,  1896 
20,  Buenos  Aires,  Argentina.  \ 

Manager  and  Electriciap,  Ferguson  j  A  Oct.    1 8,  1893 
B.  C.  Canada.  \  M  Dec.   18,  1895 


{Afatiaj^er.)  Consulting  Engineer, 
Room.  840,  621  Broadway,  New 
York  City. 


A  Mar.  20,  1895 
I M  Jan.    22,  1896 


Major    of    Engineers 
Seattle,  Wash. 


U.    S.    A.,j  A  July 
}  M  Mar. 


7.  1884 
3.  1885 


Constructing  Engineer   and  Agent,  f 
General   Electric   Co.,    Caixa    do  J  A  Sept.  25,  1895 
Correio  No.  954,   Rio  de  Janeiro,  |  M  Mar.  25,  1896 
Brazil.  t 

Electrical  Engineer,    12   Boulevard  j  A  Sept.   3,  1889 
des   Invalides,  Paris.  France.  (  M  Mar.  20,  1895 

Mole  ,  Harvey  Edward  Assistant  Mechanical  Engineer,  f  .  xt  «  ,0  ., 
Manhattan  Railway  Co..  74th  St.  \  ti  ^'Z'  ?!'  Ifll 
and  East  River,    New  York  City.  [  ^       ''    ^ 

MOLKRA.  E.  J. 


(18) 


Civil  and  Electrical  Engineer. 
606  Clay  St.,  San  Francisco 
Cal. 


*  \  A  Jan.    16.  1892 
'  I  M  June     7,  1892 
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Name.  Addrns.  Date  of  Membership. 

Moore,  D.  McFarlan  Inventor,  Moore  Electrical  Co.,  52  \K  Dec.  20.  1893 
Lawrence  St.,  Newark,  N.  J.  ^M  June  20.  1894 

Moore,  Wm.  E.  General   Superintendent   and    Elec-  (at         ._    .-^ 

trician.  The  Augusta  Railway  &.{?_,  \?^'  "'  J  J^ 
Electric  Co..  Augusta,  Ga.  (  ^^  ^P^-  ^7.  i899 

Morrow,  John  Thomas  Supt.  Electrolytic  Plant.  Boston  and  ( 

Montana  Consolidated  Copper  and]  A  Dec.  21,  1892 
Silver  Mining  Co.,  (Jreal  Falls,  1  M  April  18,  1894 
Mont.  1^ 

I)K  Muk.M.T,  Cakl  L.  Electrical  Engineer,  Baden,  Switzcr-  (A  May  15.  1900 
land.  \M  Nov.  22,  1901 

Murphy,  John  Superintendent  Power  Houses,  The  (  A  May  15.  1900 

Ottawa  Electric  Co.,  Ottawa,  Ont.  "j  M  Apr.  26,  1901 

Muschenheim,  Fred'k  A.  Elect? ical  Engineer,  Western  Elec-  (  *  a  o-»  *ft^ 
trie  Co.,  463  West  St.:  residence.  S  m < J^V  IV  I«^ 
41  W.  31st  St..  New  York  City.     (  ^ ^^P^'  *7>  ^901 

Neiler,  Samuel  G.  Member  of  the  Firm  of  Pierce,  Rich- 

ardson &  Neiler,  Consulting  and  .  .  •!  ,«  *b»^ 
Desiening  Engineers,  Mo^  -  "^  m  Dec  18  I^J 
Manhattan  Building  ;  residence,  |  ^  ^^^'  "*  "^5 
Hotel  Del  Prado,  Chicago,  111.        ^ 

Nichols,  Dr,  F'dward  L.   Professor  of  Phvsics,  Cornell  Uni-  (  .   q  «« 

Nicholson,  Walter  W.  General  Supt.  Central  N.  Y.  Tele-  (  .  *,^„  _  _-_. 
phone  and  Telegraph  Co.,  Tclc--^  ^  ^1  Ja  ,S; 
phone  Building,  Utica,  N.  Y.         (  ^  ^^^  '^'  *^97 

Noll,  Augustus  Contracting  Electrical   Engineer,  8  (.   c^««.   ^-   ,tt«« 

East  17th  St.,  Telephone,  62. -^ (:  ^PV,  ^I*  IS^ 
i8th;  New  York  City.  ( ^^  ^P"^  '®'  '^93 

NuNN,  Paul  N.  Chief    Engineer,    Telluride    Power  \  A  April  17,  1895 

Co.,  Telluride.  Colo.  { M  Feb.  26,  1895 

0*Dea,  Michael  ToRpEY    [Address  unknown.]  <  A  June    8,1887 

\  M  Mar   25,  i8q6 

OUDIN,  Maurice  A.  Electrical  Engineer,  General  Electric  j  A  June  20,  1894 

Co..  Schenectady,  N.  Y.  j  M  *Nov.  20,  1895 

Owens,  Robert  Bowie    i^Local  Honorary  Secretary)  McDon-  f 

aid  Professor  of  Electrical  Engin- J  A  June  17,  1890 
eering,  McGill  University,  Mon- |  M  Dec.  15,  1897 
treal,  P.  Q.  L 

Paine.  F.  B.  H.  Westinghouse     Electric  and    Mfg.  (  .    ^  .      g^ 

Co.,  120  Broadway;  residence, -<„  ^'  ^^'o^ 
201  W.  78th  St.,  New  York  City.  (^*  ^°^-  ^5.  1891 

Paine,  Sidney  B.  General   Electric  Co.,  200  Summer  (  ^    i„«.    o    ,ea, 

St..  Boston.  Mass.;  residence,  78  \t,  {?"*  \  ^J^ 
Cypress  St., Newton  Centre,Mass.  (^  ^"^^^    ''  "^^ 

Parker,  Lee  Hamilton     The    Buenos   Aires  and    Belgrano )  .    .  - 

Electric     Tramways    Co.,    Calle  J- f,  ^^f'  ,M°?5 


Santa  Fe  No.  2457.  Buenos  Aires.  )  ^*  ^^^-  ^^'  '^^6 

S.   U  Ji 
\  M  M 

e,  J  A  S. 
[1,  I  M  M 
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Parks,  C.  Wei  LMAN  Civil   Engineer.    U.  S.   N.,    U.   S.  \  A  July    12.1887 

Naval  Station,  San  Juan,  P.  R.       \  M  May     i,  1888 

Parshall,  Horace  Field      {Local Honorary  Secretary),  Con-  f 

suiting  Engineer, Salisbury  House,  !  A  Sept.    7,  1888 
London    Wall,    E.   C,     London,  j  M  Mar.  18,  1890 
Eng. 
(19) 
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Address. 

Firm  of  PattisoD  Bros,  Consulting 
and  Constructing  Electrical  En- 
gineers, 141  Broadway,  New 
York  City. 

Engineer,  Room  841,  621  Broad- 
way, New  York  City. 

Electrical  Designer,  The  Westing- 
house  E.  &  M.  Co.,  Pittsburg.  Pa. 

Malun(5,  M.  S,  E.  E.  Tutor  in 
Mathematics.  College  of  the  City 
of  New  York,  17  Lexington  Ave.: 
residence,  39  Washington  Square, 
West,  New  York  City. 

President  of  The  Schuylkill 
Valley  Illuminating  Co.,  Phce- 
nixville,  Pa. 

Perrine,  Frederic  A.  C,  D,  .SV.      President  Stanley  Electric 
MTg  Co.,  Pittsfield,   Mass. 


Name. 

Pattison.  Frank  A. 


Pearson.  F.  S. 


Peck,  John  Sedgwick 


Pedersen.   Frederick 


Perot.  L.  Knowles 


Dale  of  Membership. 

J  A  Sept.  22,  1 891 
M  Dec.  16,  1 89 1 


(  A  Oct.    25,  1892 
j  M  Feb.  21.  1893 

A  Apr.  26.  1 89  J 
M  May  15,  i9o<« 


r 


A  Sept.  20,  1 893 
M  June  24,  1898 


Perry,  John 

PiCKERNSLL,  F.  A. 


Koyal  CoUccc  of  Science.  South 
Kensington  "^4  Palace  (lardens 
Terrace,  London,  W^  England. 

Chief  Engineer.  Amcr.  Tel.  &  Tel. 
Co.,  125  Milk  St..  Boston,  Mass. 


I  A  Mar.  15.  1892 
I  M  Dec.  18,  1895 

A  Sept.  16,  1890 
M  Dec.  16.  1890 

A  Mar.  22.  1901 
M  June  28.  1901 

\  A  Feb.  7.  1890 
'1!  M  Mar.  18.  1390 

Pierce.  Richard  H.  {Xocal Honorary  Secretary ^Yx^tz^,  Rich-  f 

ardson  &  N'eiler,  Klectrical  En-  I  .  a-^-:i  .0  ,0-^, 
gineers.  1409  and  1410  Manhat-^  ^  ^^^  J^'  g3 
tan  Bldg.,  Chicago;  residence.  |  ^  ^^^'  ^^'  *®93 
5434  Monroe  Ave.,  Hyde  Park, III.  t 

Electrical   Engineer,    Keller,    Pike  (  .    j^         .      - 

?hS:  pI"  "■ ""  ""'■'  ^"""""■i  M  Oct  i:  \Z 

Electrical  Engineer.  American  Sheet  j  A  Sept.  25.  1895 
Steel  Co.,  Vandergrift  Pa.  J  M  June  28.  1901 


Pike,  Clayton  W.,  B.S. 


Pinkkrton.  Andrew 


Porter.  Joseph   F. 


C.   E.     President     and     Managing  (  .    c^r»t     A    tSfi^ 


Electric  Co..  Alton,  111. 


Potter,  Wm.  Bancroft,  Ennineer   Railway   Dcpt.,    Generali  A  Jan.    22,1896 
Electric  Co.,  Schenectady,  N.  Y.   }  M  Mar.  25,  1896 

Pratt.  Robert  J. 
Puffer,  Wm.  L. 


Electrician.  Honolulu  Iron  Works, 
Honolulu.  H.  I. 


iA  July   12,  1887 
(  M  Sept.   6.  1887 


Assistant     Professor    of    Electrical  f 

Engineering,  Mass.  Institute  of  J  A  Dec.  20,  1893 
Technology,  Boston  ;  residence,  |  M  April  17,  189s 
West  Newton,  Mass.  [ 


Rae,  Frank  B. 


Reber,  Samuel 


Electrical  and  Mechanical  Engineer, 
Exchange  Court,  52  Broadway 
New  York  City. 

Lieut.  Col.  U.  S.  A 
quarters,  Washington.  D.  C. 


'\ 


A  April  15,  1884 
M  Oct.    25,  189a 


Army  Head-  j  A  Sept.  20,  1893 


\  M  Jan.   22.  1896 


Keckenzaun,  Frederick, 


(18) 


Electrical  Engineer,  (Washington 
Bldg.,  Room  281,)  I  Broadway, 
New  York  City. 


JA  Mar. 
1  M  June 


6,  1888 
5,  1888 
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Name.  Address.  Date  of  Membership. 

Redman,  Geo.  A.  General  Supt.,  Electric  Dept..  Brush  f 

Elcc.  Light  Co., and  Rochester  Gas  .  «.^.  ^,  ,q^, 
and  Elec.  Co.,  83  Andrews  St.^  t  m?'  IV  I? I 
residence.  30  Park  Ave.,  Roches-  I  ^  ^^^  '7.  1898 
ter,  N.Y.  t 

Consulting  Electrical  Engineer,  136  <A  Oct.    21,  i8go 
Liberty  St.,  New  York  City.  1  M  June  24,  1898 


Rkid^  Thorburn 
Rb»t,  Henry  G. 

Reno,  C.  Stowe 

Rice,  Calvin  Winsor 

Rice,  E.  Wilbur,  Jr. 
Richardson,  Robert  E. 

Ridley,  A.  E.  Brooke 
Rirs,  Elias  £. 

RiKER,  Andrew  L. 

[Life  Member.] 

RoBB,  Russell 
RoBB,  Wm.  Lisprnard 

Roberts,  E.  P. 

RODGERS,  Howard  S. 

Rohrer,  Albert  L. 
Roller,  Frank  W.  Af.E. 

Roller,  John  E. 
(17) 


Designing  Engineer,  (leneral  Elec- 
tric Co.,  5  South  Church  St., 
Schenectady,  N.  Y. 

Electrical  Engineer.  Triumph  Elcc-  (  *    xi^ ^-    ,«^o 

trie    Co..    6io  BaymiUer   Street.  \  ^  ^o^"  *3'  ]l^ 
Cincinnati.  Ohio.  (  ^  J"*"  »*•  '**»9 

{Afanaf>fr.)  Second  Vice-President, 
Nernst  Lamp  Company,  Pitts- 
burgh, Pa. 

Technical    Director,    The    General  (  A  Dec.     6,  1887 
Electric  Co..  Schenectady,  N.  Y.  {  M  Jan.      3,  1888 

Vice-President  of  Pierce.  Richardson 
&  Neiler.  140Q  Manhattan  Building 
residence,  'fhe  Montague,  Kansas 
City.  General  Manager,  Kansas 
City,  (Mo.)  Electric  Light  Co. 

Electrical  Engineer  and  Contractor,  (A  Nov.  21.  1894 
Parrot  B'Idg.  San  Francisco,  Cal.  ^M  Nov.  23,  \^qf6 


A  June  17, 1890 
M  Dec,  19,  1894 


\  A  Jan.    20,  1897 
]  M  April  28,  1897 


A  Sept.  19,  1894 
M  May  18,  1897 


Electrical  Engineer  and  Inventor, 
116  Nassau  St.;  residence,  4  W. 
115th  St.,  New  York  City. 


I  A  July  12,   1887 
M  Sept.  6,   1887 


Dec.    16.  1 891 
Mar.  15,  1892 


Electrical    Engineer,    Short    HilU,  <A  Nov.     i.  1887 
N.  J.  )MDec.    18,  1895 

With  Stone  &  Webster.  93  Federal  j  A  Oct.    18.  1893 
Street,  Boston,  Mass.  \  M  May  2i,  1895 

Professor  of  Physics.  Trinity  Col- 
lege, and  118  Vernon  St.,  Hart 
ford.  Conn. 

E.  P.  Roberts  &  Co.,  Consulting  ( 
Engineers,  Electric  Building.  Tel- (  A  Jan.      6,  1885 
ephone  2656:  residence,  95  Cornell  i  M  Feb.     3,  1885 
St.,  Cleveland.  6.  I 

Electrical   Engineer,    care    General  f 
Electric   Co.,  420  W.  4th  Street, 
Cincinnati,  O.;  residence,  190  E. 
2d  St.,  Covington,  Ky. 

Electrical  Supt.  Schenectady  Works  i  a    v 
General   Electric   Co.;  residence.  ^       *     ^' 


1« 


Sept.  27. 
May   16. 


1892 
1893 


20  Union  St.,  Schenectady,  N.  V. 


M  May 


1887 
1888 


Electrical  Engineer,  Machado  &  f 
Roller,  Electrical   Machinery,  203  I  A  May  21,  1895 
Broadway,  N.  V.;  residence,  Ro- )  M  Sept.  27,  19'ji 
selle,  N.  J.  t 

Lieut.  Commander  U.  S.  N.,  Navy  (  A  Sept-  iq.  1894 
Department,  Washington,  D.  C.  /  M  May   19,  1896 


Digitized  by  VjOOQIC 


MEMBESRS 


0S5 


Name. 

Rosa.  Edward  B. 
Ross.  Norman  N. 


Ross,  Robert  A. 


RouQUETTE,  William  \ 

[Life  Member.] 

RusHMORE,  David  B. 


Address.  Date 

Physicist,  National  Bureau  of  Stand-  j  A 

ards,  Washington,  D.  C.  ^M 

Engineer,   Boston     Office    Stanley  f 
Electric  Mfg.  Co.,  203  Equitable  I  A 
Building,    Boston,    Mass,;    rcsi- |  M 
dence,    Somerville,    Mass.  (^ 

Mechanical   and  Electrical  Consul- 
ting  Engineer,    17  St.  John 
Montreal,  P.  Q. 

B.     Proprietor,    Rouquette   &   Co 
47  Dey  St.,  New  York  City. 


Ryan,  Harris,  J. 


Sachs,  Josrph 


Salomons,  Sir  David 

[Life  Member] 


Ass't  Electrician  Stanley  Elcc.  and  i  a 
M'f'g  Co.,  residence,  20a  South  •!  w 

»Jm 


.St.,  Pittsfield,  Mass. 


Sampson,  F.  D. 
Sands.  H.  S. 

Sargent,  William  D. 
ScHBFPLER.  Fred.  A. 
ScHMiD,  Albert 
SCHOSN,  A.  M. 


Professor  of  Electrical  Engineering, 
Cornell  University;  residence, 
Cascadilla  Place,  Ithaca,  N.  Y. 

Electrical    Engineer,    The  Johns-  (  * 

.  Pratt     Company  ;     residence,     4  "J  w 

Cone  St.,  Hartford  Conn.  ( 

Lionel,  Bart.   Af.  A.,  Engineer  and  C 
Barrister,    Broomhill,  Tunbridgc  I  A 
Wells,    Kent,  and   49  Grosvcnor  ]  M 
St..  London,  W.  England.  [ 

Manager,  Charlotte   Electric  Light  j  A 
and  Power  Co.,  Chariotte,  N.  C.  (  M 


of  Membership. 

Feb.  17,  1897 
May  18,  1897 

Sept.  20,  189s 
Not.  21,  1894 


Sept.  27,  189a 
April  18,  1893 

Mar.  21,  1894 
Dec.  19,  1894 

Sept.  25,  1895 
Jan.   24,  1902 

Oct.     4,  1887 
April  17,  1895 

Mar.  15,  189a 
Dec.  IS.  1897 


Feb.     7,  1888 
May     I,  z888 

Aug.    5,  1896 
Oct.  27,  1897 

Feb.  21,  1893 
Nov.  21.  1894 


Consulting  and  Constructing  Electri- 
cal  Engineer,    11 53  Market   St.,-v 
Wheeling,  W.  Va.  1 

Vice  Prest.  and  General   Manager, 
N.  Y.  &  N.  J.  Tel.  Co.,  81  Wil- 
loughby  St.;  residence.  820  Union  1  M 
St.,  Brooklyn.  N.  Y.  t 

Contractor,  Steam  &  Electric  Plants  f 
James  Bcggs  &  Co  ,  9  Dey  St.,  I  A 
N.  Y.  City;  residence,  33  Snow- |  M 
den  PI.,  Glen  Ridge,  N.  J.  L 

Directen  General  de   la  Sociiti  In-  f 
dustrielle    d'Electricitfi    procidisJA 
Westinghouse,  45  rue  de  I'Arcadel  M 
Paris,  France.  l^ 

Electrician,'  South    Eastern    Tariff  (  .   «  n 

Schwedtmann,  Ferdinand    General  Sup*t   Wagner  Electric  (am       ««.   »a^ 
MTg  Co..  20,7   Locust  St.  St.  j  A  Nov.  «.  189, 


April  15,  1884 
Feb.  21,  1894 


May    16,  1893 
Jan.    26,  1896 


Oct.  21,  1890 
April  17.  1895 


Scott,  Charles  F. 


Scott,  James  B. 


Louis,  Mo. 

(Afanaj^er,)  Chief  Electrician,  West-  f 

inghiouse  Electric  and  Mfg.  Co. :  I  A  April  19,  1892 
residence,  6214  Sellers  St.,  East  )  M  Jan.  17,  1893 
End,  Pittsburg,  Pa.  t 

Consulting  Engineer,  8o8>  Maryland  (  .    a„        -    ,a,*A 
Trust  Bide.;  residence.  847  Du-^  ^  Aug.  ^5.  1896 


catel  St.,  Baltimore,  Md. 


(17) 
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Name.  Addrrss.  Date  of  Membership. 

Sethman,  George  Hknry,  Mechanical  and  Electrical  Engin-  (  *  t^  _.  ,_^^ 
eer,  Skinner  &  Sethman.  2305  \  w  i.^Jl*  1'  !??? 
EoilevardF..  Denver,  Colo.  j  M  June  28.  1901 


Sever,  George  Francis 

Shaw.  Edwin  C. 
Shea,  Daniel  W. 


{Vice-Pres.'i  Adj.  Prof,  of  Electrical  (  .    , 
EngineehniT.  Columbia  University,  •?  w  "L   "    .i* 
New  York  City.  ^' ^  M  May  19. 

Mechanical   Engineer,    The    B.    F.  j  A  May   17, 
~  "   ~  "  ]  M  Feb.  27, 


Sheldon.  Samuel,  A.  AI. 

[Life  Member.] 


Goodrich  Co.,  Akron,  O. 

Professor  of  Physics,  Catholic  Uni- 
versity of  America,  Washington, 
D.  C. 

Ph.D.    {Fice-Pres.)    Professor  of 
Physics  and  Electrical  Kngineer- 
ing.    Polytechnic    Institute  ;   resi-' 
dence,     198^    Schermerhom    St, 
Brooklyn,  N.  Y. 


j  A  C 

|MJ 


Dec.  20, 
une  20, 


A  Dec   16, 
M  Oct.    27, 


Shkpardson,  George  D. 
Sinclair,  IL  A. 

Smith,  Ficank  E. 

Smith,  Frank  Stuart 
Smith,  Harold  Babbht 

Smith,  Jesse  M. 


^1 


A  April  21, 
M  Jan.    22. 


Professor  of  Electrical  Engineering, 
University  of  Minnesota,  Minne- 
apolis, Minn. 

Electrical    Engineer,    The    Tucker  f 

Electric  Co., 35  South  William  St.,  J  A  June  17, 
New  York;  950  Bedford  Ave.  [  M  Feb.  26. 
Brooklyn,  N.  Y.  \ 

Consulting  and  Supervisin^f  Elect ri-  f 

cal  Engineer,  183  Jessie  St.;  resi- I  A  Sept  19, 
dence,  418  Eugenia  Ave.,  San  1  M  July  18, 
Francisco,  Cal.  [ 

Sawyer-Man  Electric  Co..  510  W.  j  A  Sept.  27, 
23d  St..  New  York  City.  (  M  April  18, 

Professor  of  Electrical  Engineering,  f 
Worcester    Polytechnic    Institute:  •  A  Nov.  24. 
residence,    20   Trowbiidge  Road,  |  M  April  25, 
Worcester.  Mass.  I 

Expert  in  Patent  Causes,  Consulting  f 
Electrical  and  Mechanical   Engi-  I  A  April  15, 
neer,  36   Moffat    Block,    Detroit, -!  M  June  26. 
Mich.,  and  2i8    Broadway,    New] 

.York   City.  t 

Smith.  T.  Carpenter         Member  of  Firm  of  M.  K.  Muckle,  f 

Jr.,  &  Co..  512  Stephen  Girard  I  A  Oct.  27, 
Bldg  :     residence.     The  **  New- |  M  Dec.   16, 


port,"  Philadelphia,  Pa.  \ 

Sparks,  Chas.  Pratt        Chief  Engineer.  The  County  of  Lon- 


don Electric  Lighting  Co. 
England. 


Surrey, 


Spaulding,  Hollon  C. 

Spbrry,  Elmer  A. 
Sprague,  Frank  J. 

(16) 


Man 

'  /MJ 

nt,r 

le,  ]  I 


Mar. 
une 


22. 
28, 


Contracting      Engineer,      Sargent, 
Conant  &  Co..   Equitable   Bldg.,  J  A  April  21, 
Boston  ;  residence,  1 5  Park  Vale,  |  M  June  20. 
Brookline,  Mass.  t 

Electrical  Engineer, 
Cleveland,  Ohio. 


1894 

1896 

1892 
1895 

1893 
1894 


1890 
1891 


1891 
1896 


1890 
1896 


1894 
1899 

189a 
1893 

1 891 
1900 


1884 
1891 


189] 
1891 


1901 
1901 


1891 
1894 


855  Case  Ave.,  jA  April  19.  1892 
"Jm  Feb.  21,  1893 

(Past- President.)    Consulting    Engi-  f 

neer.    Sprague   Electric  Co.,    20 j  A  May  24,  18S7 
Broad  St.:    residence.  305  West  j  M  Feb.  17,  1897 


SothSt.,  New  York  City 


I 
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Name. 
Springer,  Frank  W. 


Address. 
Assistant  Professor  Electrical  Engin- 
eeiiQg,      University     of     Minn., 
Minneapolis,  Minn 


Date  of  Nf  embership. 

A  Nov.  23.   1900 
MApr.  26,  IQOI 


Stanley,  William 
Stearns,  Charles  K.^E.E. 


Electrical    Engineer    and    Inventor,  j  A  Dec.     6,  1887 
Great  Barrington,  Mass.  {  M  Oct.   26,  1898 


Mecbanical  and  Electrical  En 
gineer,  03  Federal  St.,  Boston 
residence,  7  Vernon  St.,  Brook 
line.  Mass. 


•I* 

-1  M 


Aug.    6,  1889 
May   16,  1893 


Stearns,  Joel  VV. 
Stebbins,  Theodore 

Steinmetz,  Charles  P. 
Stephens.  George 

Stkvens,  J.  Franklin 


Treasurer.     Mountain    Electric    Co.,  j  A  June  20,  1894 
Box  1 53 1.  Denver.  Col.  1  M  Nov.  20,  1895 

Engineer  of   Committee  on    Local  (  *    t  1  «Qft 

Companies,  General  Electric  Co.,  -^  ?,  ^^^      9*  i»»9 
Schenectady,  N.  Y.  (^  J""^  ^7.  1890 

(Prfsident.)     Electrician.    General  \  A  Mar.   i8.  1890 
Electric  Co.,  Schenectady,   N.  Y.  "J  M  April  21,  1891 

Societe  des  Establissemcnts  Postel-  (  *   i  «       a 

President    Keystone    Electrical   In- 


strument  Co.,  (jth  St.  and  Mont- 
gomery Ave.;  Philadelphia    Pa. 


A  Sept.  19.  189J 
M  Feb    28,  1901 


Stewart,  Robert  Stuart  VVestinghouse  Electric  and  Mfg.,  {  .  r\  -  o  *. 
Co.,  440  Jefferson  Ave.,  Detroit.  {^  ^^'''  ^°'  '^ 
Michigan.  '^M  May  15,  1900 

Electrical  Expert,     129   Greenwich  j  A  June     8,  1887 
St.,  New  York  City.  \  M  Nov.     1,  1887 

Consulting  Electrical  Engineer.  El-  f 

ectrical  Director,  Rapid  Transit  !  A  April  19,  1892 
Subway  Construction  Co.,  Park  j  M  Nov.  15,  1892 
Row  Bldg.,  New  York  City.  I 

U.  S.  Assistant  Engineer,  Post  Office  (  *  %,       ^        « 
Bldg.;  residence.  45  William  St.,  \  ^  ^'^'"-  "'  '^93 
New  London.  Ct.  (  ^  J*""  '^*  '"^ 

Supt.    Motive    Power,    Manhattan  (  a   q     ,.   «-      a 
Railway  Co. ;  residence.  35  Mount  -  ?,  l^PV,  ^5*  J»Q5 
Morris  Park.  West,  New  York  City.  (  ^  ^P"*  ^^^  *®*^ 

Strong,  Frederick  G.     Box,  959,  Hartford,  Conn.  (  A  Oct.  27,  1891 

\  M  July  18,  1899 

Swinton.  Alan  Archibald  Campbell    Consulting  Electrical  (am 

p:ngineer,  66  Victoria  St..  London  \^,  ,'  i?'  '9'>i 
S.W.England.  ^  M  June  f8,  1901 


Stikringer,  Luther 


Stillwell,  Lewis  B. 


Storrs,  Prof.  H.  A. 


Stott,  Henry  G. 


Terry.  Charles  A. 


Lawyer,  Westinghouse  Electric  and  (  *    *     m  • 
Mfg.    Co..    120   Broadway,    New -^  Cr  ^/        5'  * 
York  City.  ^  ]  M  May  17,  i 


1887 
887 


Thrberath,  Theodore  E.     Supt.  Yuba  Division,  BayCoun- j  A  Mar.  23,  1898 

1.  \  M  June  24,  1898 


Thomas,  Benjamin  F. 
Thomson,  Elihu 

(19) 


ties  Power  Co.,   Marysville,  Cal. 

Professor    of    Physics,    Ohio  State  j  A  June     7,  1892 
Universitv,  Columbus.  O.  )  M  Nov.  15,  1892 

{Past  President).     Electrician,  Gen- 
eral Electric,  and  Thomson  Elec- 
tric   Welding  Companies,    Lynn,- 
residence,    22     Monument  Ave  , 
Swampscott,  Mass. 


A  April  15.  1884 
M  April  21,  1891 
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Name. 

Thompson,  Edward  P. 


Th&ishkr,  Alfrbd  a. 
Thurnaukr,  Ernst 

TiSCHBNDORFER,  F. 


Addrett. 
Solicitor  of   Patents,   and 


Date  of  MembeiBhip 


Expert,  r 
156  Fifth  Ave.,  cor.  20th  Street.  J  A  April  15,  1884 


Dec.     3,  1889 


residence,  i  GramercyPark,  New")  M 
York  City.  t 

Electrical  En{j[ineer  and    Proprietor  j  A  April  22,  1896 
~  -    -      -         „,  o  ]  M  Ju 


Thresher  Electric  Co. ,  Dayton, 

Manager,     Thomson- Houston 
ternational  Klec.  Co.,  27  Rue 
Londres,  Paris,  France. 


In-f 


June  24,  1898 


A  Oct.    14,  1887 
M  Dec.     6,  1887 


April  19,  1892 
Nov.  21,  1894 


Civil-Ingenieur,  Elektrotechnisches 
Bureau,  Ottostrasse  11,  Berlin, 
N.  W.  Germany. 

Trafford,  Edward  W.    Electrical  Engineer,  Richmond  Pas- 
senger and  Power  Co. ,  Foot  of  7th  • 
St..  Richmond,  Va. 

With  Ford,   Bacon  &  Davii,  Hack-  (  A  Feb.     7,  1890 
ensack,  N.  J.  J  M  Nov.  15,  1893 

Consolidated   Traction   Co.,  Tinus  \A  May     7,  1889 
Building,  Pittsburg,  Pa.  ( M  Dec.  19,  1894 


A  Feb.  21,  1894 
M  Dec.  19,  1894 


Ukbklackkr,  Chas.  F. 
Uhlsnhaut,  Fritz,  Jr. 
Upton,  Francis  R 


Edison    Laboratory;   residence,  20 j  A  May  17,  1887 


High  St.,  Orange,  N.  J. 


M  Mar.  15,  1892 


Vansizk,  William  B. 

[Life  Member.] 


Solicitor  of  Patents,  Expert  in  Pa-  f 
tent    Cases,  253  Broadway,    New  I  A  April  15,  1884 
York  City;  rei»idence,  210  Lincoln  |  M  Oct,    21,  1884 
Road.  Flatbush,  Brooklyn,  N.  Y.  L 


Van  Trump,  C.  Reginald  Engineer  and  Manager,  Wilming- 
ton City  Electric  Co.,  Wilming- 
ton, Del. 


A  Feb.     5,  1886 
M  Feb.  21,  1894 


Varley,  Richard  Jr. 


:x  Mag-  ( 

Jersey  \ 

le.  R.L  ( 


A  April  2«,  1900 
M  Feb.  28,  1901 


Waddbll,  Montgomery   Consulting    Engineer,    135   Broad- j  A  Feb. 

"         ■■         "  .        ]M  May     i.  1888 


I  A  Sept.  20.  1893 
I  M  June  20,  1894 


A  June 
M  Dec. 


5,  1888 
4,  1888 


President,  the  Varley  Duplex  Mag- 
net Co.,    I3»i    7th   Street, 
City  ;  residence,  Phillipsdale 

„       ,.  .-  .  7.1888 

way,  New  York  City. 

Assistant  Electrical  Engineer,  West- 
ern Electric  Co..  residence,  4919 
Madison  Ave.,  Chicago,  III. 

Electrical  Engineer,  Room  1712. 
49  Wall  St.,  New  York;  resi- 
dence, 640  West  8th  St.,  Plain- 
field,  N.  J. 

Consulting  Electrical  Engineer,  12 
Leimster  Square,  London  W., 
Eng. 

Wall,  Louis  James  Benard   Full   Partner,   Splatt.    Wall   &  j  A  July    26,  1900 
Co.,  Perth,  Western  Australia.        (M  Nov.  23,  1900 

Electrical  Engineer,  Western  Fllec- 
tric  Co.;  residence,  402  Belden 
Ave.,  Chicago,  111. 

Mechanical  and  Electrical  Engineer,  j  A  Feb.   21,1893 
150  Nassau  St.,* New  York  City.  /  M  June  20,  1894 

(Manager.)  YA\\or  Electrical  World, 
and  Etti^ittt'c'r  ;  residence,  Engle- 
wood,  N.  J. 


Wait,  Henry  H. 


Waldo,  Leonard 


Walker,  Sydney  F. 


Warner,  Ernest  P. 

Waterman,  F.  N. 
Weaver,  W.  D. 


June    2,  1885 
[  May  17,  1887 


\\  S 

Jmj 

\  M 


Sept.  20,  1S93 
~une  20,  1894 


May  17,  1887 
May  17,  1887 


(19) 
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Name. 

Webb,  Herbert  Laws 


Address. 


Date  of  Membership. 
18    Cortlandt   St.;    residence,   253  ( A  Oct.    21.1890 

■      1m- 


West  42d   St.,  New  York  City. 

Webber,  Charles  Edmond   Major  General,  C.  B.  (ret.)  -^.^."j 
Past    President  and   Member  of  | 


Dec.  16,  1890 


Weeks,  Edwin  R. 


WsLLER,  Harry  W. 


Weston,  Edward 


Wetzler,  Joseph 


Wharton,  Chas.  J. 


Council,  Institution  of  Electrical  Vf",  J^"'  9.  JQOi 
Engineers,  17  Egcrton  Gardens.  ^^  J*"'  ^^'  ^^02 
London,  England.  J 

Consulting    Engineer,     606     New  f 
Nelson     Building;      Telephone. J  A  Sept.    6,1887 
409  and    248:    residence,    3408 1  M  Nov.    i,  1887 
Harrison  St.,  Kansas  City,  Mo.  \^ 

Electrical   Engineer.  202  St.  James  j  A  Oct.    21,  1890 
St.,  Montreal,  P.  Q.  ( 

(Past  President:)  President,  Wes- 
ton Electrical  Instrument  Co , 
Waverly  Park,  Essex  Co.,  N.  J  , 
and  645  High  St.,  Newark,  N.  J. 

President,    The    Electrical    Engi-  f 
neer  Institute  of   Correspondence  I   .    a«,,:i  ,..    Toa* 
Instruction,  240  W.  23d  St.;  resi-^  ^  ^'^  '5.  1884 
dence.    257  W.   104th   St.,  New  |  ^  ^^^-     ^'  "^4 
York  City.  L 

Palace     Chambers,     Westminster,  jA  Jan. 
London,  Eng, 


[M  Nov.  24,  1891 

A  April  15,  1884 
M  Oct.   21,  1884 


Wheeler,  Schuyler  Skaats, 

[Ufe  Member.] 


Sc.D, 


{ M  May 

f 


1888 
1888 


A  June 
M  Sept. 


2,  1885 
I,  1885 


White,  Will  F. 


Whitb-Fraser,  Geo. 
Wiener,  Alfred  E. 


Wilcox,  Norman  T. 
Willis,  Edward  J. 


■\^ 


April  2,    1889 
May  15,  1900 


President,  Crocker- 
Wheeler  Co.,  39  Cortlandt 
St.,  N.  v.,  and  Ampere,  N.  J.;- 
residence,  4  West  33d  St.,  New 
York  City. 
White,  James  Gilbert  J.  G.  White  &  Co.,  Electrical  Engi- 
neers and  Contractors,  29  Broad- 
way, New  York  City. 

Electrical  Engineer,  General  Mana-  f 
ger  The  Cincinnati  Edison   Elec-J  A  Feb.     7,  1890 
tricCo.,  109  E.  5th  St., Cincinnati,  |  M  July   27,  1898 
Ohio.  L 

Mem.  Can.  Soc.  C.  E.\  18  Imperial)  A  Sept.  22,  1891 
Loan  Building,  Toronto,  Ont.        (  M  Dec.    18,  1895 

Chief  Instructor,  The  Electrical  En-  T 
ginecr  Institute,  240  W.  23d  St..  (  A  May   16,  1893 
New   York  ;  residence,  209  East)  M  May  15,  1894 
nth  St.,  Brooklyn,  N.  Y.  I. 

Sup't  Colorado  Electric  Power  Co.,  j  A  May    21,  1895 
Canon  City,  Col.  I  ^  Jan.   22,  1896 

President,  Richmond  Electric  Co.,  1 
211  E.   Franklin  St.,  Richmond, 
Va. 


'1 


A  Nov.  30,  1897 
M  Feb.  28,  1900 


WiLLYOUNG,  Elmer  G. 


E.  G.  Willyoung  &  Co.,  Electrical  (  .   ^  - 

and     Scientific    Instruments,    "  j^i  SeT  20]  igj 


Frankfort  St.,  New  York  City. 


Wilson,  Charles  H.         General  Superintendent,  American  f  .    *t 


Wilson,  Fremont 


(17) 


Telephone  and  Telegraph  Co.,  15  ■ 
Dey  St.,  New  York  City.  1 

Consulting    Engineer,     80  Broad 
way,  (Telephone,  4092  Cortlandt)^ 
New    York    City;    residence,    10 
Hamilton  Ave.,  Yonkcrs,  N.  Y. 


M  Feb. 

A  Mar. 
M  June 


24.  1891 
16,  £892 


1888 

1888 
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Telegraph  with  the  (  .    , ,^    ,o^. 


Wilson,  Howard  S. 

WiNCHRSTKR.  A.  E. 


i6.  1890 
i8»  1890 
1895 


21 


Name  Address.  Date  of  Membership. 

Wilson,  Harry  C  Supt.  of  P.  O. 

Ciovernmcnt. 
West  Indies. 
Superintendent.       Puebia     Electric  |  A  Aug.  23,  1899 
Light  Co.,  Puebia,  Mexico.  f  M  Feb.  28,  1902 

Electrical  Commissioner  and  Gen-  ( 
eral  Supc,  City  of  South  Norwalk  J 
Electric  Works,   also  Consulting  !  A  June     8.  1887 
Engineer  for  Municipalities    res- j  M  Nov.     i,  1887 
idence,   4    Gerard    Place.    South 
Norwalk,  Conn.  (^ 

WiNSLOW,  Georgf.  Herkert    Consulting  P^lcctrical  Engineer,  i  A  April  17,  1895 
339  P'ifth  Ave.,  k'lttsburg.  Pa.       }  M  Feb.   26,  1896 
Electrician:    residence.  329  Clinton  (A  Mar.    6,  1888 

St..  Brooklyn,  N.  Y.  (M  Dec. 

Engineer,   N.   Y.  &  Pa.  Telephone] A  Mar 
and  Telegraph  Co.,  Elmira,  N.  Y.  }  M  Feb. 
Woodward,  Wm.  Carpenter      Electrical   Engineer,    Narra-  f 

gansctt  Electric  Lighting  Co..  60  I  A  Nov.  18,  1896 
VVeybosset      St.,      residence,      5  |  M  Apr.  25,  1902 
Charles  Field  St  ,  Providence,  R.L  t 
Consulting  Engineer.  19  Brasenose  j  A  July   27,  1898 
St..  Manchester,   England.  (  M  Oct.   26,  1898 

Manager  Wot  ton  Electric  and  M'fg.  \  A  Oct.    27.  1897 
Co.       Box  543.  Atlanta,  Ga.  ]  M  Feb.   28,  1901 

President,    Virginia   Electric    Com- j  A  May    16,1889 
pany,   Norfolk.  Va.  {  M  Jan.    16,  1895 

.Manager  Ncrnst  Lamp  Co.,  Pitts- j  A  April  19,  189a 
burg.  Pa.  (  M  Nov.   15,  1892 

F:ngineer  Conslruction,  J.  G.  White  j  A  Jan.      3,  1889 
/  &  Co..  2q  Broadway,  New  York.  /  M  April  21.  1891 

Young,  Walter  Douglas  Eiecirical  Engineer  B.  &  O.  R.  R  ,  ^  A  Apr.  26,  1899 
Roland  Park.  Baltimore.  Md.  f  M  Jan.  24,  19OO 

(13) 

Members.  -        -        .        .      403 


WoLCOTT.  Town-send 


WOLVERTON.  B.  C. 


Wordinoham,  Ch  s.  IL 
Wo'iTos,  James  A. 

Wright.  Peter 
WuRTs.  Alexander  Jay 
Young,  C.  Griffith 
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Abbott,  William  L. 


Abrlla,  Juan 


ASSOCIATES 

Name.  Address. 

Abbott,  Henry  President^  CalculagrraphCo.,  9Maiden 

Lane,  N.  Y.;  residence,  32  So. 
Clinton  St..  Kast  Orangre,  N.  J. 
Chief  Operating  Engineer,  Chicago 
Edison  Co.,  139  Adams  St.;  resi- 
dence, 3213  Becon  St  ,  Chicago,  111. 
Consulting  Engineer,  Buenos  Aires 
and  Belgrano  Tramways  Co.:  resi- 
dence, 691  Calle  Bolivar,  Buenos 
Aires,  Argentine  Republic. 

Adams,  Comfort  A.,  Jr.  Assistant  Professor  of  Electrical  Engi- 
neering. Harvard  University,  13 
Farrar  St.,  Cambridge,  Mass. 

Adams,  Ernest  Kempton,  E.E.A.M.  Electrical  Engineer,  455 
Madison  Ave.,  New  York  City. 

Adams,  Frank  Pierce  Electrician,  Stockton  Gas  &  Electric 
Co.,  residence,  329  E.  Channel  St., 
Stockton,  Cal. 

Adams.  Julius  Le  Roy  Chief  Engineer,  Hartford,  Manchester 
&  Rockville  Tramway  Co.,  Man* 
Chester,  Conn. 

Adams,  Willis  Longkf.llow.  General  Manager, Adams  Con- 
struction Co.,  Gluck  Building;  resi- 
dence, 726  Buffalo  Avenue.  Niagara 
Falls,  N.  Y. 


A  damson,  Daniel 
Adler,  Alphonse  a. 

Agnew,  Cornelius  R. 
Albin,  Henry  Allison 

Alexander,  Harry 

Allan,  John 
Allen,  Albert  P. 

Allen,  Wyatt  H. 


Manager  Joseph  Adamson  &  Co., 
Hyde,  Cheshire,  England. 

F.J.  &  A.  A.  Adler,  Electrical  Engi- 
neers and  Contractors,  123  Lib- 
erty St.;  residence,  237  Eldridge 
St.,  New  York  City. 

18  William  St.;  residence,  23  West 
39th  St.,  New  York  City. 

General  Manager  and  Electrical  Engi- 
neer, Concord  Street  Railway,  Con- 
cord, N.  H. 

Electrical  Engineer,  General  Manager 
and  Vice  Prest.  Alexander-Chamber- 
lain Electric  Co.,  25  West  33rd  St., 
and  18  and  20  W.  34th  St..  Tele- 
phone  3767-38th,  New  York  City. 

Full  Partner.  H.  H.  Kingsbury  &  Co.. 
54  Margaret  St.,  Sydney,  N.  S.  W. 

General  Inspector,  American  Tel.  & 
Tel.  Co.,  15  Dey  St.;  residence,  44 
Irving  Place,  New  York  City. 

Assistant  Engineer.  Benjamin,  Hunt 
&  Meredith,  331  Pine  St.,  *  San 
Francisco,  Cal. 
Allbn.  Walter  Cummincs,  Electrical  Engineer  of  the  Govern- 
ment of  District  of  Columbia,  Dis- 
trict Building,  residence,  Victoria 
Flats,  Washington,  D.  C. 

Alverson,  Harry  Bartlett    Superintendent,  Cataract  Power 
and  Conduit  Co. ,  40  Court  St. ,  Buf- 
falo, N.  Y. 
(18) 


Date  of  ElaetiOB. 

Apr.  aS,   1897 
Oct.   25,  1901 

Aug.      5,  1896 

Jan.    17,  1894 
July    27,  1898 

Feb.    15,  Z899 

Feb.    15,  1899 

Jan.    24,    1902 
Feb.    26,  1896 

July    12,  I  CO 
Mar.    31,  1894 

Mar.    22,  1901 

April  21,  1 891 
Dec.  28,    1898 

July    26,  1900 

Apr.    27,  1898 

June  24,  1898 
Oct.   25,   1901 
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Name.  Address.  Date  of  Election 

Ambler,  William  Instructor,  Cornell  University,  Ithaca, 

N.  Y. ;  residence,  76  Lincoln  Ave., 
Cleveland,  Ohio.  July    I3,  1900 

Amstutz,  Noah  Steiner  Vice-President  Amstutz  Osborn 
Co.,  7i6Caxton  Building; residence, 
37  Hillsdale  Ave.,  Cleveland,  O.  Jan.     3,    1902 

Anderson,  Douglas  Smith  Associate  Professor  of  Electrical 
Engineering,  Tulane  University, 
New  Orleans,  La.  Apr.  36,    1901 

Anderson,  Henry  S.  General  Manager  and  Electrician, 
United  Electric  Light  Co..  Spring- 
field. MabS.  Jan.   16,    1895 

Andrews,  William  C.  EUctrUal  World  and  Engineer,  114 
Liberty  St.,  New  York,  residence. 
Hotel  Margaret,  Brooklyn,  N.  Y.        May  3i,    189s 

Anthony,  James  Stowell    General    Electric  Co.,   44    Broad 

St. ,  New  York  City.  Apr.  25,    1902 

Applryard,  Arthur  E.    President,    Natick    Gas  and  Electric 

Co.,  Natick,  Mass.  Aug.      5,  1896 

Archbold,  Wm.  K.  University  Building,  Syracuse,  N.  Y.    June   20,  1894 

Archibald,  Ernest  M.     Electrical  Engineer,  American  Loco- 
.  motive  Co, ,  Richmond  Works,  Rich- 
mond, Va.  May  15,    1900 

Archer,  Geo.  F.  Electrical     Engineer.     156    Madison 

Ave.,  New  York  City.  Nov.  .21,  1894 

Armstrong,  Albert  H.   Electrical  Engineer,  General   Electric 

Co.,  Schenectady,  N.  Y.  June  24,   1898 

Armstrong,  Samuel  George  District  Engineer,  Grand  Junc- 
tion Railway,  King  Williamstown, 
Cape  Colony.  South  Africa  Jan.     3,     1902 

Arnold,  Chester  Hastings  Assistant  Engineer  New  York 
Telephone  Co.,  18  Cortlandt  St.; 
residence,  241  East  iStb  Street. 
New  York  City.  Jan.     3,     1903 

Arnold,  Ward  S.  Electrical    Engineer,     Railway    De- 

partment General  Electric  Co. ,  Mon- 
ad nock  Building;  residence,  3^4  E. 
40th  St.,  Chicago,  111.  Jan.    94,    1903 

Arozarena,  Rafael  Maximo  dk    Consulting  Engineer,  City  of 

Mexico,  Mexico.  Sept.  27,  I901 

Ashe,  Sidnky  Whitmore  Assistant  in  Physics,  Polytechnic  In- 
stitute, Brooklyn;  residence,  Webster 
Avenue,  Bedford  Park,  N.  Y.  June  28,  1901 

Ashley,  Frank  M.,  M,E.  108  Fulton  St.,  New  York;  residence, 
172  Stuyvesant  Ave.,  Brooklyn, 
N.  Y.  Nov.  21,  1894 

Atkins,  Charles  Gilman  Consulting  Engineer,  Pratt  &  Atkins, 
mo  Monadnock  Building,  Chicago, 
111.  Oct.   25,  1901 

Atkins,  Harold  B.  .  Assistant  to  H  de  B.  Parsons,  Con- 
sulting Engineer,  22  William  St., 
New  York  City.  June   23,  1897 

Atkinson,  Willard  S.  Electrical  Engineer  and  Factory  Man- 
ager, Zindars  &  Hunt,  127  Fifth 
Ave.;  R.F.D.  No.  51,  New  Bruns- 
wick, N.  J.  Oct.  25,   1901 

Atwood,  George  F.  With  Western  Electric  Co.,  New  York 
City  ;  residence,  Z030  Hudson  St., 
Hoboken,  N.  J.  Sept.  16,  1890 

(21) 
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NamjB. 
AUEL,  Ca&l  B. 


Austin,  Sydney  B. 


Addros. 
Eng^ineer.   British  Westing^house  Elec. 
&  M'f'gCo.,  Ltd.,  East  Pittsburg, 
Pa. 

Consulting  Engineer,  3912  Fifth  Ave., 
Pittsburg,  Pa. 

A VERRETT,  Andrew  E.  Engineer,  General  Electric  Co.,  Sche- 
nectady, N.  y, 

Aylmer-Small,  C.  Sidney  Assistant  Engineer,  Waldorf-As- 
toria, New  York;  residence,  15  Ran- 
dolph St.,  Passaic,  N.  J. 

Aylsworth,  J.  Walter  Experimenter  and  Chemist,  Edison 
Laboratory;  residence,  223  Midland 
Ave.,  East  Orange,  N.  J. 

Ayrrs.  Albert  DOANE  Salesman  WestinghouseE.&Mfg.Co., 
71  La  Salle  St.;  residence,  3803 
Grand  Boulevard,  Chicago,  111. 

Babson,  Arthur  C.  Engineer,    Portland    Office,   General 

Electric   Co.,  Worcester  Building, 
Portland,  Oregon. 

Badeau,  Isaac  F.  General  Electric  Co. ;  residence,  144 

Lafayette  St.,  Schenectady,  N.  Y. 

Assistant  Engineer,  The  Eddy  Electric 
Mfg.  Co.,  8  Oliver  St.,  Boston, Mass 

Assistant  Manager,  Chicago  Office, 
General  Electric  Co.,  1047  Monad- 
nock  Building,  Chicago,  111. 

Superintendent,  Wichita  Gas,  Electric 
Light  and  Power  Co.;  Box  574, 
Wichita,  Kansas. 

Consulting    Electrical    Engineer,    40 

Lincoln  St.,  Boston,  Mass. 
W.  E.  Baker  &  Co.,  Engineers,  170 
Broadway,  New  York  City. 

With  The  B.  F.  Sturtevant  Co., 
Jamaica  Plain  Station,  Mass. 
Baldwin,  Alfred  De  V.  Selling  Agent.  Crocker-Wheeler  Elec- 
tric Co.,  P.  O.  Box,  267  ;  residence, 
206  W.  81  St.,  New  York  City. 
Baldwin,  George  Porter  John  Martin  &  Co.,  511  Douglass 
Building,  Los  Angeles,  Cal. 

American  Telephone  and  Telegraph 
Co.,  125  Milk  St.;  residence.  Chest- 
nut Hill  Ave.,  Boston,' Mass. 

Electrical  Engineer,  General  Incan- 
descent Arc  Light  Co.,  572  First 
Ave.,  New  York  City;  residence,  66 
So.  Parsons  Ave.,  Flushing,  L.  I. 

Consulting    Engineer,    614    Rookery 
BIdg,  Chicago,  111. 
Ballou,  Warren  James  Electrician,  Woonsocket  Elec.  Mach- 
ine &  Power  Co.,  Station   No.    2, 
Woonsocket,  R.  I. 
Balsley,  Abb  Operating    Superintendent,  The   La- 

chine    Rapids    Hydraulic   &   l^ind 
Co.  Ltd.,  160  McCord  St.,  Montreal, 
Quebec. 
(ai) 


Bailey,  Leon  W. 
Bailey,  Theo.  P. 

Baker,  Arthur  O. 

Baker,  Joseph  B. 
Baker,  Wiluam  Edgar 
Balcome,  Herbf.rt  a. 


Baldwin,  J  as.  C.  T. 


Ball,  Hknrv  Price 


Ball,  Wm.  D. 


Date  of  BleccioD 

July  a6,  Z900 
Sept.  25,  1895 
Jan,  3,  190a 

Oct.  24,  1900 

Sept.  27,  1901 

Feb.  98,  1903 

Mar.  28,  1900 
Feb.  26,  1896 
Sept.  27,  X901 

Apr.  25,  1902 

July  26,  1900 
Sept.  27,  1901 
June  28,  1901 
Oct.    27,  1897 

Aug.  13,  1897 
Nov.  23,  1900 

April  17,  1895 

May  21,  1901 
Nov.  20,  189s 

Nov.  23,  1900 
Oct.    27,  1897 
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Bamber,  William  Childs 


Bancroft,  Chas.  F. 

Bangs,  Chas.  R. 

Banks.  William  C. 
Barnks,  Chas.  R. 

Barnes,  Edward  A. 

Barnes,  Howell  Hknry 
Barnett,  Carl  P. 

Baron,  Max  D. 

Barr.  Frank  Adelbut 

Barr,  John  B. 
Barry,  David 
Barton,  Enos  M. 

Bates,  Frederick  C. 
Bates,  Putnam  A. 

Baugher,  E.  C. 

Raum.  Frank  George 
Bausch,  Frederick  Emit 

Bayley,  Guy  Lynfield 
Bayne,  Howard 

Beaumont,  Chas.  W. 

BsBBE,  Murray  C. 
(■a) 


Address. 
Electrical  Eng^ineer,   Rapid  Transit 
Subway  Construction  Co.,   13  Park 
Row;    residence,   60  W.    loth  St., 
New  York  City. 

Electrical  Engineer,  Massachussetts 
Electric  Companies,  14  Kilby  St., 
Boston,  Mass. 

Special  Agent,  American  Telephone 
and  Telegraph  Co.,  15  Dey  St., 
New  York  City. 

Electrician.  Gordon  Battery  Co.,  New 
York  City. 

City  Electrician  and  Electrical  Expert 
to  State  R.  R.  Commission,  Roch- 
ester, N.  Y. 


Electrical   Expert,  Fort  Wayne  Elec- 
tric Co.,  Fort  Wayne,  Ind. 
Beech  Grove  Inn,  Pittsfield,  Mass. 

Draftsman  and  Engineer,  with  S.  &  S. 
Packing  Co.,  41st  St.  and  Ashland 
Ave.,  Chicago. 

Electrical  Engineer  and  Contractor, 
125  East  23d  St.;  residence,  61 
East  75th  St.,  New  York  City. 

Manager  and  Electrician,  Fries  MTg. 
and  Power  Co.,  Winston-Salem. 
N.  C. 

Electrical  Engineer,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 

Electrician  and  Superintendent,  Am- 
herst Gas  Co. ,  Amherst,  Mass. 

President  Western  Electric  Co., 
Clinton  and  Congress  Sts.,  Chicago, 
111. 

Electrical  Engineer,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 

Assistant  Secretary,  Crocker-Wheeler 
Co.,  Ampere,  N.  J.;  residence,  113 
W.  72d  St.,  New  York  City. 

Resident  Engineer,  Westinghouse 
Elcc.  &  M'fg  Co.,  c/o  Tokata  & 
Co.,  Tokio,  Japan. 

Stanford  University,  Cal. 
Chief     Engineer,     Pittsburg    Plate 
Glass  Co  ,  Crystal  City,  Mo. 

Assistant  Manager  Engineering  De- 
partment, The  American  Trading 
Co.,  No.  28  Yokohama,  Japan. 

c/o  Dr.  M.  I.  Pupin,  Electrical  En- 
gineering Dept.,  Columbia  Uni- 
versfty;  residence.  Riverside  Drive, 
cor.  I'oSth  St..  New  York  City. 

Assistant  with  Frank  B.  Rae,  52  Broad- 
way; residence,  275  W.  127th  St., 
New  Yoi-k  City. 

Nemst  Lamp  Co. ;  residence,  Amber 
Club,  Pittsburg  Pa. 


Date  of  ElectioB. 

Oct.  25.  J901 

Dec.  18,  1895 

Jan.  26,  1898 
May  18,  1897 

Aug.  13,  1897 

Sept.  20,  1893 
Feb.  38,  1900 

Jan.  25,  1901 

Mar.  28,  Z900 

Jan.  9,  1901 
April  2S>  1900 
Aug.      5.  1896 

July  12,  1887 
Jan.    20,  1 891 

Jan.    20,  1897 

Nov.  22,  1899 
Nov.  22,  1899 

June  28,  1901 
Feb.    28,  1901 

5>ept.  27,  1901 

Jan.  9,  1901 
Jan.    26,  1898 


.    Digitized  by  VjOOQ  IC 


A8800IATB8 


965 


Name. 

Behrend,  Bernhard  a. 


Bell,  Alonzo  C. 


Address.  Date  of  Electioa. 

In  charge  Alternating  Current  De- 
partment Bullock  Electric  Mfg.  Co. 
Norwood,  O.  Jan.    24,  1900 

Owner  and  Manager,  Bell  Electric 
Motor  Co,.  197  Wooster  St.;  resi- 
dence, 83  East  ii6th  St.,  New  York 
City.  Sept.  27,  1901 

Electrical  Engineer,  Western  Electric 
Co.,  463  West  St.,  New  York; 
residence.  352  West  117th  Street. 
New  York.  Aug.     5,  1896 

Electrical  Engineer  and  Treasurer,  H. 
B.  Coho  &  Co.,  Incorporated.  149 
Broadway;  residence,  90  King  St.. 
New  York.  N.  Y.  Dec.    28,  1898 

Electrical  Engineer,  Xernsi  1, amp  Co.; 
residence,  530  Sheridan  Ave  ,  Pitts- 
burg, Pa.  Sept.  27,  1901 
,  Jr.  Electrician  and  Engineer,  Diehl  &Co., 
Elizabethporl.  N.  J.,  and  19  West 
33d  St.,  Bayonne,  N.  J.  June   20,  1894 

Electrician,  Gtneral    Electric  Co.,  44 

Broad  St.  "New  York  City.  Mar.    18,  189O 

Engineering  Department.  The  S.  S. 
White  Denial  Mfg.  Co.,  2?  Union 
Square,  West,  New  York  City;  resi- 
dence. 50  Charles  Place,  Elmhurst, 
N.  Y.  Oct.    25.   1901 

,  E.  £.,  A.  M.  General  Manager,  Rob- 
erts' Chemical  Co.,  Niagara  Falls, 
N.  Y.  Oct.    21,  1896 

Patent  Attorney  and  Expert,  Temple 
Court,  New  York  City.  May    21,  1 901 

Superintendent.  221  N.  Scoville  Ave., 
Oak  Park.  III.  Oct.     i8,  1893 

Engineer,  General  Electric  Co. ;  Schen- 
ectady, N.  Y.  Sept.  19,  1894 

Electrical    Engineer,    Gen 'I     Electric 

Co.,  Schenectady,  N.  Y.  Nov.    20,  189s 

Bekgenthal,  Victor  W.  Western  SaL-s  Engineer.  The  Stanley 
Electric  M'f'g.  Co.,  15  Monadnock 
Block,  Chicago,  111.  Jan.       9,  1901 

,  B.S.,  M.E.  Supt  ,  The  Cutler-Ham- 
mer M'l'jr.  Co. .  I2th  St.  and  St.  Paul 
Ave  ,  Milwaukee,  Wis.  May    15,  1694 

Electrical  Engineer,  703  Showers  Ave., 

Harrisburg,  Pa.  April  19,  1894 

General  Manager,  The  New  York 
Telephone  Co.,  15  Dey  St.,  New 
York  City.  Jan.     17,  1894 

Room  517,  141  Broadway.  New  York, 
.\    Y.;  resideuce,  Englewood,  N.  J.     Aug.      5,  1896 
Heveridge,  Edmund  Walter     Assistant  Engineer,  P.  W.    D. 
Ghar     Canals,      Larkhana,      Sind. 
India.  Jan.  24,  1900 

BiCKNELL,  Dana  Edwin   Assistant  in  Inspection  Dept.,  Western 
Eleciric  Co..    c;  Bethune  St  ;  resi- 
dence, Lyndhurst,   N.  J.  June   28,  1901 
(20) 


Bell,  Ora  A. 


Bellman,  John  Jacob 


Bennett,  Edward 


Bennett,  Edwin  H. 


Bennett.  John  C. 


Bennett,  Willard  S. 


Bbnoliel,  Sol.  D.,  B.  S., 

Bentley,  Edward  M. 
Bbntley,  Merton  H. 
Berg.  Ernst  Julius 
Berg,  Eskil 


Berresford,  Arthur  W. 

Best,  A.  T. 
Bethell,  U.  N. 

Betts,  Hobart  D.,  E,  JF., 
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BiDDLK,  James  G.  Electrical  and   Scientific  Instruments, 

Stephen  Girard  Bld^:.,  Philadelphia. 
Pa. ;  residence,  417  West  Price  St., 
Germantown,  Pa. 

BijUR.  Joseph,  A.B.,  E,  E.  210    Centre,  St..  Telephone,    3276 
ILife  Member  1  "Spring:"  residence,  3T0  West  80th 

St.,     New    York  City. 

BiNDBMANN.  Harry  Otto  FERDINAND  Electrical  Engineer  Un- 
ion Elecfricitats  Gesellschaft,  43 
Dorotheen  Str.,  Berlin,  Germany. 

Ford,  Bacon  &  Davis,  149  Broadway; 
residence,  43  E.  57th  St..  New 
York  City. 

With  Blackall  &  Baldwin,  39Cortlandt 
St.;  house,  340  Manhattan  Ave., 
New  York.  N.  Y. 


Black,  Chas  N. 


Black,  Howard  D. 


Black,  Robert  Given 


Blackall,  Frederick, 


Black  WELL,  Francis  O. 


Blake,  Henry  W. 


Blake,  Theodore  W. 


Supt.  The  Chambly  Mfg.  Co..  Rich- 
elieu Village.  P.  Q. 

S.  P.  O.  Box,  267;  office,  39Cortlandt 
St.;  residence,  51  Manhattan  Ave., 
New  York. 

Engineer,  Power  and  Mining  Dept., 
General  Electric  Company,  Schenec- 
tady, N.  Y. 

Blaokwell,  Howard  Lane  Assistant  in  Physics  Harvard 
University.  13  Little's  Block,  Cam- 
bridge, \fass.  ;  residence.  East 
Orange,  N.  J. 

Editor,  Street  Railway  Journal,  114 
Liberty  St.,  New  York  City. 

Electrical  Engineer,  Goodyear  Insu- 
lating Co.,  1955  Park  Ave.;  resi- 
dence. Engineers  Club,  374  5th  Ave., 
New  York  City. 

Blakemore,  Maurice  Neville  Electrical  Engineer,  with  Wes- 
tinghouse  E.  &  M.  Co.,  Pittsburg ; 
residence,  509  Pitt  St.,Wilkinsburg, 
Pa. 

Union    League,    Philadelphia,    Pa. 

Principal  Bliss  Electrical  School,  614 
1 2th  Street,  Washington,  D.  C. 
Bliss.  William  L.,  B.  5„  M.  M,  R.  President.  Bliss  Electric 
Car  Lighting  Co..  16  Exchange  PL, 
New  York  City;  residence,  505 
Throop  Ave.,  Brooklyn.  N.  Y. 
Manager  Sales  Department  Electric 
Storage  Battery  Co.,  iQth  St.,  and 
Allegheny  Ave.,  Philadelphia  ;  resi- 
dence, 409  West  Pnce  St. ,  German- 
town,  Pa. 

Engineer,  Westinghouse  Electric  and 
M'f'g  Co.,  Ltd.,  Westinghouse 
B'ld'g.  Norfolk  St.,  Strand,  W.  C, 
London,  Eng. 

Instructor  in  Physics,  Universiiy  of 
Cincinnati  ;  residence,  547  Hale 
Ave.,  Avondale,  Cincinnati  O. 


Blanchard,  Charles  M 
Bliss,  Louis  Denton 


Blizard,  Charles 

Blunt,  Willam  W. 

BoGBN,  Louis  E. 
(18) 


Date  of  Elccdoa 

Aug.  5,  1896 
May  15.  1894 
Jan.    34.     1902 

April  19,  i89« 

Sept.  rs,  1897 
May  31,  1901 

Sept.  15,  1897 

Mar.  28^  1900 

Jan.  24,  190a 
Nov,  13,  1888 

Sept.  30,  1893 

Jan.  25,  19  X 
Sppt.  19,  1894 

July  12,  1900 
Mar.  21,  1894 

Nov.  21,  1894 

Dec.  16,  1896 
May    16    1899 
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N«me.  Address. 

BoGUK,  Charles  J.  Manufacturer  of   Search   Lights  and 

High  Candle  Power  Focussing  Arc 
Lamps,  213  Centre  St.,  New  York 
City. 

BoHM,  LUDWiG  K.,  Ph.D.,  Consulting  Electrical  and  Chemical 
Expert,  320  Broadway,  N.  Y.  City. 

BoLAN,  Thomas  V.  Local  Engineer,  General  Electric  Co., 

214  S.  nth  St.;  residence,  501  N. 
40th  St.,   Philadelphia,  Pa. 

Manager  Advance  Dept.,  Bullock 
Electric  Mfg.  Co.,  Cincinnati,  O.; 
Wagner  Eleccric  Mfg.  Co.,  St. 
Louis,  Mo. 


BoLLRs,  Frank  G. 


B0NYN6E,  Paul 

Bowie,  Augustus  Jesse, 

Bowman,  Joseph  H. 
Boyd,  John  Duncan 
Brackett,  Byron  B. 


Attorney  and  Counsellor-at-Law  firm 
of  Latson  &  Bonynge,  141  Broad- 
way, New  York,  residence,  261 
Quincy  Street,  Brooklyn,  N.  Y. 

Jr.  Engineer  in  charge  Mechanical 
Department,  Kern  County  Land 
Co.,  Bakersfield,  Cal. 

Resident  Engineer,  V.  C.  &  P.  R.  R., 
Box  21,  Cordola,  Mexico. 

Electrician,  Standard  Electric  Co., 
Jackson,  Cal. 

Instructor  in  Electricity,  Rutgers  Col- 
lege ;  residence,  106  Easton  Ave., 
New  Brunswick,  N.  J. 


Brackett,  Prof.  Cyrus  F.  Princeton,  N.  J 
Braddell,  Alfred  E. 


Brady,  Nicholas  F. 


Bradt,  Paul  T. 


Bragg,  Charles  A. 


Electrical  Inspector,  Underwriters* 
Association,  Middle  Department, 
316  Walnut  St.,  residence.  7435 
BoyerSt.,  Mt.  Airy.  Philadelphia, 
Pa. 

Treasurer,  The  N.  Y.  Edison   Co.,    57 
Duane  St.,  New  York  City. 

Manager,  Central  N.  Y.  Agency,  West- 
inghouse  Electric  and  Mfg.  Co., 
Syracuse,  N.  Y. 

Manager  Phila.  Agency,  Westing- 
house  Electric  and  Mfg.  Cp.,  708 
Land  Title  Building,  residence,  3420 
Powelton,  Ave.,  Philadelphia,  Pa. 

Brandao,  Julio  Viveiros,  C.  E.  Rua  Barao  do  Flamengo  8, 
Rio  de  Janeiro,  Brazil,  S.  A. 

Braun,  Christian  Edward  Draughtsman.  Western  Electric 
Co.,  New  York  City;  residence,  223 
Madison  St.,  Brooklyn,  N.  Y. 

Brayshaw,  J.  Telegraph  Superintendent  Great  South- 

ern Railway,  City  of  Buenos  Aires. 

Brewster,  Walter  Scott  Electrician,  Standard  Underground 
Cable  Co.,  114  Rector  St.,  Perth 
Ambcy,  N.J. 

(18) 


Dattt  of  Electfon. 

Dec.  3,  1889 
Nov.  15,  1892 

Aug.  5.  1899 
May  21,  1901 

May  16,  1899 

May  15,  1900 
May  16,  1899 
Feb.  28,  1900 

Nov.  30,  1897 
April  15,  1889 

Sept.  I,  1890 
May  21,  1901 

July  12,  1887 

Sept.  20,  1893 
Jan.  25,  1901 

Sept.  27,  1901 
Aug.  5,  1896 

Apr.  26,  1901 
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Briesen,  Harold  V. 


Date  of  Elecuoa. 


Address. 
Engineering^  Department,  American 
lelephone  and  Telegraph  Co.,  22 
Thames  St  ,  New  York  City;  resi- 
dence, 80  Hackensack  Ave.,  Wce- 
hawken,  N.  J.  June   28,  1901 

Brisi.ky,  Edward  Bktts  Student,  Stevens  Institute,  Hoboken; 
residence,  102  W.  75th  St.,  New 
York  City,  Apr.  25,  1902 

Brixey,  W.  R.  Proprietor  and    Manufacturer,    Day's 

Kerite  Wire  and  Cables,  203  Broad- 
way, New  York  City.  Sept.   20,  1893 

Broich,  Joseph  Superintendent  and    Electrician,  with 

F.    Pearce,    New   York   City;    resi- 
dence, 1622  8th  Ave.   Brooklyn,N.Y.     Jan.     17,1894 

Broili  Frank  Electrical   Engineer.    California  Elec. 

Works  ;residence.i54  Hickory  Ave., 
San  Francisco,  Cal.  Feb.    23,   1898 

Brophy,  William  Consultinj;^  Electrical  Engineer,  17  Eg- 

leston  St.,  Jamaica  Plain,  Mass.  Mar.      5,  1889 

Browd,  Paul  K.  Chief  Engineer,  The  Russian  Electric 

Company,  **Union."  Box  188,  Kiev 
Russia. 


Feb.  15,  1899 


Brown,  Benjamin 


Brown,  Chas.  L. 


Student,  Polytechnic  Institute;  resi- 
dence, 381  Sackett  St.,  Brooklyn, 
N.  Y. 


June  28,   1901 
Nov.    20,  189s 


General    Electrical    Contractor,     312 
Fisher  Building,  Chicago,  111. 

Brown,  Ellis  Eugene  Electrical  Engineer,  Philadelphia  and 
Reading  Railway  Co.,  7th  and 
Franklin  Streets,  Reading,  Pa.  May    16,  1899 

Brown,  Hugh  Auchincloss  Electrical  Engineer,  Ampere 
and  Rutherford;  residence,  285 
Springdale  Ave.,  East  Orange,  N.J.     Mar.    28,1902 

.Brown,  Hugh  Thomas  Railways  and  Light  Co.  of  America, 
noo  Continental  Trust  Building, 
Baltimore,  Md. 


Brown,  Robkrt  G. 


Electrician,  158  Montague  St.,  Brook- 
lyn, N.  Y. 


Jan.     26,    1898 
Oct.    25,   1901 


Brown,  Warren  Day  Electrical  Engineer,  The  Auto-Electric 
Co.,  61  Elm  St  ;  residence,  103  E. 
39th  St.,  New  York  City.  Jan.     25,  1901 

Browne,  Wm.  Hand,  Jr.  Asst.  Professor  of  Electrical  Engin- 
eering, The  University  of  Illinois, 
Urbana,  ill.  April  25,  1 900 

Brush,  Frkd'k  Farnsworth  Engineer,  Societie  Francaise 
Sprague,  6  Rue  de  Madrid,  Paris, 
France.  Feb.   28,  1901 

Buckingham,  Chas.  L.  Patent  Attorney,  Western  Union  Tele- 
graph Co.,  195  Broadway,  P.  O. 
Box  856,  New  York  City.  April  15,  1884 

Binx,  RoHKRT  Wilson       Electrical  Engineer,   The  New  Jersey 

Zinc  Co.,  (of  Penn.,)  Palmerton,  Pa.     Mar.    22,  1901 

Bullbn,  Dana  Riplky      General  Electric  Co.,  200  Summer  St., 

l^obton;  residence.  Winthrop,  Mass.     Mar.   28,  1902 

BuNCB,  Theodore  D.         President,  The  Storage  Battery  Supply 

(20)  Co.,  239  E.  27th  St.,  New  York  City.     May    20,  1890 


Digitized  by  VjOOQIC 


ASSOCIATES 


969 


Name.  Address.  Date  of  Election 

Bunker,  Arthur  Clifford  Engineering  Department,  Stanley 
Electric  Mfg.  Co  ,  238  Crocker 
Building,  San  Francisco;  residence, 
1604  Central  Ave.,  Alameda,  Cal.  Oct.   25,  1901 

BuRDiCK,  Irving  Edward,  Treasurer  and  Engineer,  Naval 
Electric  Co..  256  Broadway  ;  resi- 
dence, 146  West  104  St.,  New  York.     Oct.    24,  1900 

Burke,  James  Klopstack      Strasse,       15;      Berlin, 

Germany.  May    16,  1893 

BuRKKTT,  Chas.  Watson  General  Inspector,  Southern  Bell  Tel. 

&  Tel,  Co.,  Atlanta,  Ga.  Aug.    23,  1899 

Burnett,  Douglass,  B.S.  The  New  York  Edison  Co.,  Inspec- 
tion Dept.,  55  DuaneSt.,  New  York 
City;  residence,  42  Livingston  St., 
Brooklyn,  N.  Y.  Feb.    21,  1893 

Burnett,  James  Aubrey  Draftsman  and  Designer, Royal  Elec- 
tric Co.,  94  Queen  St.;  residence, 
19  Shuter  Street,  Montreal.  Apr.  26,  1901 

Burroughs,  Harris  S.  Member  of  Brm  of  Ballantyne  &  Evans, 
Architects  and  Engineers  20  Nassau 
St.,  New  York  City  ;  residence,  1416 
Pacific  St.,  Brooklyn,  N.  Y.  .  Nov.  30,  1897 

Switchboard  Dep't.  Western  Elec- 
tric Co.;  residence,  475  Central 
Park,  West,  New  York  City.  Nov.  20,  1895 

President,  The  Puget  Sound  Reduction 

Co.,  Everett,  Washington.  Mar.    21,  1893 

Electrical  Engineer,  The  Rah  way 
Electric  Co.,  Pitman  Grove,  N.  J.     Feb.      7,  1890 

Byrnes,  Eugene  A.,  PA.D.  Principal  Examiner  Electro-Chem- 
istry  and  Metallurgy  U  S.  Patent 
Office,  Washington,  D,  C.  May    21,  1901 

Byrns,  Robert  A.  Sales  Manager,  Metropolitan  District, 

United   Telpherage  Co.,  20  Broad 
Street,  New  York  City.  Dec.   16,  1896 

Cabot,  Francis  Elliott  Assistant  Secretary  and  Electrician, 
Boston  Board  of  Fire  Underwriters, 
55  Kilby  Street  Boston ;  residence, 
East  Milton,  Mass.  April  17,  189s 

Electrical  Dept.,  New  England  Tel. 
&  Tel  Co.,  101  Milk  St  ,  Boston; 
residence.  High  Street,  Brookline, 
Mass.  Jan.    24,    1902 

Importer  and  Dealer,  Technical  Books 
and  Periodicals,  112  Liberty  St., 
New  York  City;  residence,  50  Wes- 
tervelt  Ave.,  Plainfield,  N.  J.  Jan.    20,  1891 

Caldwell,  Eugene  Wilson  Electrical  Engineer,  315  Fifth 
Ave.  (Telephone,  295  Madison  Sq.); 
residence,  20  E,  31st  St.,  N.Y.  City.    Jan.    24,    1902 

Campbell,  Henry  Arthur  Electrician,  Jamaica  Electric  Light 
&  Power  Co.,  Ltd.,  38  Harbor  St., 
Kingston,  Jamaica.  Sep.    27,  1899 

Canfield,  Milton  C.        Electrical  Engineer,  48  Greymont  St., 

Cleveland,  O.  Feb.    21,  1893 

Canfield,  Myron  E.         Western  Electric  Co.;  residence,   404 

W.  44th  St.  New  York  City.  May  21,  1895 

(19) 


Burton,  Paul  G. 

Butler,  William  C. 
Buys,  Albert 


Cabot,  Skwall 


Caldwell,  Edward 
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Capuccio.  Mario  Raimondo    &    Capuccio,     Consulting 

Engineers  and  Patent  Agents,  Piazza 
Statute  15.  Turin,  Italy.  Dec.    20,  1893 

Carlton,  Willard  Gilbert  Assistant  to  Chief  Operating 
Engineer,  Chicago  Edison  Co., 
139   Adams   St.,  Chicago,  111.  Oct.    25,  1901 

Carnaghan,  E.  D.  In  charge  of  machinery  with  Cipriano 

Guerrero.  Durango,  Do.  Mexico.         July    26,  1900 

Carpenter,  Chas.  E.        Vice-President,      Carpenter      Enamel 

Rheostat  Co..  Bronxville,  N.  Y.  Aug.     5,  1896 

Carpentkr,  Henry  Cannon  Assistant  in  Engineering  Depart- 
ment, New  York  Telephone  Co.; 
residence,  113  Kast  69th  St.,  New 
York  City.  Oct.    25,  1901 

Carter,  Frederick  William  Af.  A.,     With  General   Electric 

Co.,  Schenectady,  N.  Y.  Sept.  28,  1898 

Carty,  John  J.  {Manager)      Chief     Engineer,     New 

York  Telephone  Co.,  15  Dcy  St.. 
New  York  City ;  residence,  Short 
Hills,  N.  J.  April  15.  1890 

Cask,  Willard  E.  196  West  Genesee  St.,  Auburn,  N.  Y.    Feb.      7,  1888 

Cassidy,  John  Superintendent  Mutual  Telephone  Co., 

Honolulu,  Hawaiian  Islands, U..^.  A.     Nov.  23,  1898 

Chapman,  A.  Wright        160  Hicks  St.,  Brooklyn,  N.  Y.  Mar.   25,  1896 

Chappell.  Walter  E.  Engineer,  Macartney,  McElroy  &  Co.. 
[Life  Member.]  Ltd.,  53  Victoria  St..  London,  S.W. 

Eng.:  Superintendent  Overhead 
Construction  Companhia  Carris 
Ferro  de  Lisbon.  138  Avenida  don 
Carlos,  Lisbon,  Portugal.  May    16,  1899 

DB  Chatelain,  Mikail  Andrf.jevitch  Prof,  of  Electrical  En- 
gineering, Mining  Institution  and 
Electro-Technical  Institution,  Was- 
ilv  Ostrow,  10  line  No.  5.  St.  Peters- 
burg, Russia.  Nov.    23,  1900 

Cheney,  Frederick  A.     Box  188,  St.  Catharines,  Ont.  Oct.      i,  1889 

Chester.  M.  E.  Telephone    Engineer,    Western  Elec- 

tric Co  ,  463  West  St. ;  residence, 
2q6  Manhattan  Ave.,  N.  Y   City.        Feb.    28,    1902 

Childs,  Sumner  W.  Engineer,   Kalgoorlie  Electric  Tram- 

wavsCo..  Kalgoorlie,  Western  Aus- 
tralia. May    15,  1894 

Chubbuck,  Leonard  Burrows  Checker  in  draughting  room, 
Westinghouse  E.  &  Mfg.  Co. ;  resi- 
dence. (Ilomewood)  535  Clawson 
St  ,  Pittsburg,  Pa.  Mar.    28.    1902 

Clark,  Chas.  M.,-ff.  ^..  Clark  &  MacMullen,  20-22  Broad  St., 

New  York  City.  April    22,  1S96 

Clark,  Eugene  Bradley  Klectricical  Engineer,  Illinois  Steel 
Co  ;  residence,  5342  Cornell  .\ve., 
Chicago,  111.  Mar.    28,   1902 

Clark,  Farley  Granger  Electrician  in  charge  96th  St.  Power 
Station.  Metropolitan  St.  Ry.  Co., 
96th  St.  and  1st  Ave.;  residence,454 
Manhattan  Ave.,  New  York  City.         Apr.  26,   1901 

Clark,  LeRoy,  Jr.  Assistant  General  Manager,  Safetylnsu- 

lated  Wire  and  Cable  Co. .  229  West 
28th  St.;  residence,  72  West  52d 
(20)  St..  New  York  City.  May   15,  1894 
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Clark,  Wallace  S. 


Address.  Date  of  Election. 

Engineer,  Wire,  Cable  and  Tube  De- 
partment, General  Electric  Co.; 
residence,  13  Front  St.,  Schenec- 
tady. N,  Y.  April  25,  1902 

Partner  Clark  &  Mills,  Engineers  and 
Contractors,  543  Hoylston  St.,  Bos- 
ton, and  1400  Mass.  Ave.,  Cam- 
bridge ;  residence,  59  Brattle  St., 
Cambridge,  Mass.  Aug.  23,  1899 

General  Manager.  Foreign  Dept.  Gen- 
eral Electric  Co.,  44  Broad  Street, 
New  York  City.  April  22,  1896 

Patent  Attorney  and  Electrical  Expert, 
McGlll  Building.  908  G.  St.,  N.VV.; 
residence,  2905  I3ih  St.,  N.  W., 
Washington,  D.  C.  May    18,  1897 

Haywards  Almeda  Co.,  Cal.  April  21,  1891 

Chief  Mechanical  Engineer,  Siemens 
Bros.  &  Co.,  LtJ.,  Woolwich,  Kent, 
England.  Sept.  27,  1901 

Box  114,  Manchester,  N.  H.  Feb.   21,  1894 

Consulting  Engineer.  Associated  with 
R.  S.  Hale,  31  Milk  St.;  residence, 
57  Marlborough  St.,  Boston,  Mass.       Feb.    15,  1899 

Manager  and  Engineer,  Grand  Rapids 
Electric  Co.,  9  South  Division  St., 
Grand  Rapids,  Mich.  Aug.     5,  1896 

General  Electric   Co.,  44  Broad  St., 

New  York  City.  Dec.      6,  1887 

Electrical  Engineer  and  Contractor, 
Page  Electric  Co.,  24  Pearl  St., 
Worcester,  Mass.  Sept.  27,  1901 

New  York  Manager  Eddy  Elcc.  Mfg. 
Co.,  149  Broadway,  New  York  City, 
residence,  Mt.  Vernon.  N.  Y.  Mar.    21,  1894 

Engineer,  Carris  de  Ferro  de  Lisbon, 

Santo  Auraro,  Lisbon,  Portugal.  April  25,  1900 

Vice-President  and  General  Manager 
Elmira  Water,  Light  and  K.  R.  Co., 
Realty  Building,  Elmira,  N.  Y.  April  25,  1902 

Supt.  and  Treasurer,  Andover  Elec- 
tric Co.,  Andover,  Mass.  Sept.  28,  1898 

Local  Engineer,  General  Electric  Co., 
214  S.  nth  St.,  Philadelphia,  Pa.         Oct.    23.  1895 

Eastern  Manager,  Elevator  Supply 
and  Repair  Co.,  136  Liberty  St., 
New  York  City;  residence,  134 
Montague  St.,  Brooklyn,  N.  Y.  Feb.   26,  1896 

Collins,  Archie  Frederick  Electrical  Engineer  and  Inven- 
tor, Collins  Wireless  Telephone  and 
Telegraph  Co.,  132  South  6th  St., 
Philadelphia ;  residence,  Narberth, 
Pa.  June    28,  1901 

Professor  of  Applied  Mathematics, 
College  of  the  City  of  New  York, 
17  Lexington  Ave.;  residence,  40 
W.  126th  St.,    New  York  City.  Nov.     I,  1887 


Clark,  Wm.  Edwin 


Clark,  William  J. 


Clement,  Edward  E. 


Clement,  Lewis  M. 
Clift,  Arthur  S. 

Clough,  Albert  L. 
CoDMAN,  John  Sturgis, 

Cody.  L.  P. 

Coffin,  Chas.  A. 
CoGHLiN,  John  P. 

CoHO,  Herbert  B. 

Cole,  Wm.  Howard 
Cole,  William  Wkkdkn 

Coleman,  Walter  H. 
Coles,  Edmund  P. 
CoLLBTT,  Samuel  D. 


Compton,  Alfred  G. 


(19) 
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CoNKLiN,  Olivkr  Francis  Consulting  Electrical  Engineer,  The 
Robbins  &  Myers  Co.,  Springfield, 
Ohio. 


Converse.  V.  G. 
Cook,  Edward  Jeromr 

Cooke,  George  A. 

CooPKR,  WlM.lAM 

Copeland,  Clem.  A. 
Corey,  Fred  Brainard 

CoRNEix,  John  B. 
Corson,  William  R.  C. 
Cory,  Clarence  L. 

Cosby,  Frank  Clark 


President  and  General  Manager  of  the 
Converse  Transformer  Co.,  15th  St. 
and  Liberty  Ave. ,  Pittsburg,  Pa. 

Electrical  Engineer,  Cleveland  City 
Railway  Co.,  Western  Reserve 
Bldg. ;  residence,  tj6  Commonwealth 
Ave.,  Cleveland,  O. 

Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co  ,  323  S. 
Main  St.,  Los  Angeies,  Cal.; 
residence,   Chicago,    111. 

General  Superintendent,  Bullock  Elec- 
tric Mfg.  Co.,  Cincinnati,  Ohio. 

Office  Edison  Electric  Co.,  2822  Key 
Wedt  St.,  Los  Angeles,  Cal. 

Engineer,  General  Electric  Co. ;  resi- 
dence 3  High  St.,  Schenectady, 
N.  Y. 

Niles-Bement-Pond  Co.,  136  Liberty 
St..  New  York  City. 

Consulting  Electrical  Engineer,  440 
Capitol  Ave.,  Han  ford,  Conn. 

Professor  of  Electrical  Engineering, 
University  of  California,  Berkeley, 
Cal. 

.Salesman.  Westinghouse  Elec.  &  Mfg. 
Co..  120  Broadway;  residence,  124 
West  114th  St.,  New  York  City. 

CosGROVE,  James  Francis    38  St.  Andrews  Place,  Yonkers.  N.  Y. 

Cowen,  Julian  Betty,  Manager  of  Export  Department, 
General  Incandescent  Arc  Light 
Co.,  572  First  Ave.:  residence,  2C4 
W.  119th  St  ,  New  York  City. 

2000  H  St.,  N.  W.,  Washington,  D.  C. 

Assistant  Treasurer,  Western  Elec- 
tric Co.,  2sq  South  Clinton  St.; 
residence,  2821  Sheridan  Road  Chi- 
cago, 111. 

Electrical  and  Mechanical  Engineer, 
Sanderson  &  Porter,  31  Nassau  St., 
New  York  City  ;  residence,  24  Reyn- 
olds Terrace,  Orange,  N.  J. 
Western  Editor,  EUctrical  World  and 
Engineer,  Ii3()  Monadnock  Block, 
Chicago,  III. 

Cbawford,  David  Francis  Supt.  Motive  Power,  Penn'a  Co., 
Fort  Wayne.  Ind. 

Ceeaghead,  Thomas  J.  President  and  General  Manager, 
Creaghead  Engineering  Co.,  802 
Plum  St.,  Cincinnati,  O. 

Crehore,  Albert  C,  Ph.D.  The  Crehore  Squier  Infellipence 
Transmission  Co.,  Brookside  Park, 
Tarrytown,  N.  Y. 

(20) 


Grain,  John  Jay. 
Crandall,  Chester  D. 


Crane,  W.  F.  D. 


Cravath,  James  Raley 


Oct.   25,  1901 


Nov.  23,  1900 


May 

IS. 

1900 

Mar. 

22, 

1901 

Feb. 

28, 

1909 

June 

23. 

1897 

Dec. 

ao. 

1893 

Sept. 

25, 

1895 

Jan. 

I7t 

1893 

April 

19. 

1892 

Mar. 

28, 

igo2 

Nov. 

23. 

1898 

Feb. 

28. 

1902 

Dec. 

16. 

1896 

Sept.  27.  i89t 


Feb.      7,  1888 


Nov.  23,  iqoi 
Sept.  25,  189s 


Sept.  20,  1893 


Dec.    21,  1898 
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Crocker,  Eben  Clinch  Electrical  Engineer,  American  Ord- 
nance Co.,  29  Harriet  Street, 
Bridgeport,  Conn.  Jan.    26,  1898 

Crosby,  Oscar  T.  Potomac  Light  and   Power  Co.,  141 7 

G  Street,  Washington,  D.  C.  Mar.  18,  1890 

Crossman,  Gilbert  Telephone  Engineer,  Western  Electric 

Co.,  463  W^est  St.;  residence,  80 
Washington  Square  E.,  New  York 
City.  Nov.   22,   1901 

Dr  Crow,  Ciiarlks  Edward     In  charge  of  Power  Apparatus,     . 
Output  Dept.,  Western  Electric  Co., 
242  S.  Jefferson  St.;  residence,  996 
Flournoy  St.,  Chicago,  111. 

Crowsll,  Robinson  Assistant      Electrician,      Sacramento 

Electric  Gas  and  Railway  Co,  .Sacra- 
mento, Cal. 

Crozier,  Arthur  Bertram  Draughtsman  and  Engineer, 
Schwarzchild  &  Sulzberger  Packing 
Co.,  45th  St.  and  First  Ave.,  New 
York  City. 

CuifNER,  Arthur  B.  251  So.  12th  St.,  Philadelphia,  Pa. 

daCunha,  Manoel  Ignacio  Manager  of  the  Electrical  Section, 
Emprera  Industrial  (jram-Para, 
Para.  U.  S.  of  Brazil. 

Cunningham,  E.  R.  Des  Moines  City   Railway  Co.,    607 

Mulberry  St.,  Des  Moines,  Iowa. 

Cunningham,  Richard  H.  .  Demonstrator  of  Physiology,  Col- 
umbia University,  New  York  City. 

CuNTZ,  Johannes  H.         325  Hudson  St.,  Hoboken,  N.  J. 

Currie,  N.  M.  Santiago,  Chili. 

Cutler,  James  Elmer  Manager  of  Philadelphia  Office  Stan- 
ley Electric  M'f'gCo..  26  So.  15th 
St. ;  residence,  Overbrook,  Phila- 
delphia,  Pa.  Apr.    25,  1902 

Daggett,  Royal  Bradford  Electrical  Engineer,  Electric  Stor- 
age Battery  Co. ,  43  Nevada  Block, 
San  Francisco,  Cal.  Jan.    25,   1899 

Damon,  Geo.  A.  Electrical   Engineer,  Arnold  Electric 

Power  Station  Co.,  1540  Marquette 
Building,  Chicago,  111. 

Damon,  Geo.  B.  [Address  unknown.] 

Danielson,  Ernst  Technical  Director,  AllmSlnna  Svenska 

Elektriska,  A.  B.,  Westeras,  Sweden. 

Darling,  Edward  Albert  Engineer,  Edison  Portland  Cement 
Co.,  Ste warts vi lie,  N.  J. 

Dassori,  Frederick  Humbert  Engineering  Dept.,  N.  Y.  & 
N.  J.  Telephone  Co  ,  81  Willoughby 
St.;  residence,  12th  Ave.  cor.  84th 
St.,  Dyker  Heights,  Brooklyn,  N.Y.     May    21,  1901 

Dates,  Henry  B,,  Professor  of  Electrical    Engineering 

and  Physics,  Clarkson  School  of 
Technology,  Potsdam,  N.  Y.  Dec.    28,  1898 

Davenport,  George  W.    Residence,   44   Bay   St.,  Winchester, 

Mass.  June     4,  18S9 

Davidson,  Edw.  C.  Patent    Lawyer,  141  Broadway,  New 

York  City.  Feb       7.  1890 

(22) 


Sept. 

27, 

1901 

Dec. 

28. 

1898 

Jan. 
Feb. 

9» 
27, 

1901 
1895 

May 

16, 

1893 

Jan. 

22, 

1896 

May 
Mar. 
Feb. 

21, 

5. 
15. 

1901 
1889 
1899 

Jun. 

24, 

1898 

June 

23» 

1897 

June 

27. 

1895 

Sept. 

27. 

1901 
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Name. 
DAVI9,  Dblamore  L. 


Address. 
Superintendent.  Salem  Electric  Light 
and   Power  Co.,  299  Lincoln  Ave., 
Salem.  O. 

Secretary  and  Manager,  Jamaica  Elec- 
tric Light  &  Fower  Co.,  Ltd.  38 
Harbor  St.,  Kingston,  Jamaica 

Engineer,  American  Telephone  and 
Telegraph  Co.,  113  W.  38th  St., 
New  York  City. 

Engineer  of  New  England  OfBce,  The 
Electric  Storage  Battery  Co.,  Bos- 
ton;  residence,  no  Irving  Street, 
Cambridge,  Mass. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Contractor  for  Electric  Light  and 
Power,  etc  ,  Cuba  Street  Extension, 
Wellington,  New  Zealand. 
Electrical  Draughtsman  in  charge 
Equipment  Department,  Norfolk 
Navy  Yard;  residence,  131  Duke 
St.,  Norfolk,  Va. 

Deeds,  Edward  Andrew,  President  Board  of  Engineers,  The 
Natural  Food  Co.;  residence,  527 
Riverside,  Niagara  Falls,  N.  Y. 

324  Stuyvesant  Ave.,  Brooklyn,  N.  Y. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Designing  Klectrical  Engineer,  West- 
inghouse  E.  &  M.  Co.,  Pittsburg,  Pa. 

Attomey-at-Law,  141  Broadway  ;  resi- 
dence 64  E.  34th  St.,  New  York  City. 

Solicitor  of  Patents  and  Mechanical 
Expert,  602  F  Street,  Washington, 
D.  C. 


Davis,  Leslie  Foster. 
Davis.  Joseph  P. 
Davis,  Philip  W. 

Davis,  W.  J,.  Jr. 
Dawson,  Josiah 

Dean,  Walter  Clark 


Degen,  Lewis 
Dempster,  Thomas 

Dick,  William  Amzj 

Dickerson,  E.  N. 

DiBTERiCH,  Fred.  G. 


Dinkey,  Alva  C. 
Dixon,  James 

DoBBiE,  Robert  S. 

Dodd,  Samukl  Thomson 

DoHERTY,  Henry  L. 
Donaldson,  Wm.  W. 

Doouttle,  Clarence  E. 

DooLiTTLE,  Thomas  B. 

(21) 


Supt.  Electric  Dept.,  Homestead  Steel 
Works.  Munhall,  Pa. 

Electrical  Engineer,  Gray  National 
Telautograph  Co  .  Room  142.  80 
Broadway,  New  York  City;  resi- 
dence, 241  Franklin  Place,  Flush- 
ing, N.  Y. 

Electrical  Engineer,  Riding  Mill-on- 
Tyne,  Northumberland,  Eng. 

Engineer  Railway  Department,  Stanley 
Electric  Mfg.  Co.,  Pittsfield,  Mass. 

40  Wall  St. ,  New  York  City. 

Electrical  Engineer,  The  Gould  Stor- 
age Battery  Co.,  25  W.  33d  St., 
New  York  City. 
,  Manager  and  Electrician,  Roaring 
Fork  Electric  Light  and  Power  Co., 
Aspen,  Colo. 

Engineering  Department,  American 
Telephone  and  Telegraph  Co.,  125 
Milk  St.,  Boston,  Mass. 


Date  of  Electioo. 
April     2.  1889 

Sept.  27,  1899 
April  15,  1884 

May  15,  1900 
Mar.  20,  1895 

Jan.      9,  1901 

Sept.  27,  1901 

Nov.  23,  1900 
Sept.  25,  1895 

May    17,  1898 

Mar.   28,    1903 

April  15,  1884 

July  18,  1899 
Feb.    17,  1897 

Jan.    24,     1902 

Feb.      5,  1889 

Sept.  27,  1901 
Sept.  28,  1898 

May  21,  1901 
May  15,  1894 
May    16,  1893 


Digitized  by  VjOOQIC 


ASSOCIATES. 


%1^ 


Name.  Address. 

Dopp,  William  Hugh  Drawing-Room  Foreman,  Eddy  Elec- 
tric Mfg.  Co.,  Windsor,  Conn. 

DoRBMUs,  Charles  Avery  Af.D.  Ph.D.  59  W.  51st  St.,  New 
York  City. 

Doubt,  Thomas  Eaton  Professor  of  Physics  and  Electrical 
Engineering,  The  University  of 
Washington,  Seattle,  Wash. 

DouD,  Charles  Hamilton  Student  Columbia  University,  30 
W.  44th  St.,  New  York  City. 

With  Westinghouse.  Church.  Kerr  & 
Co.,  26  Cortlandt  St.,  New  York 
City. 

Vice-President  and  General  Manager, 
The  D.  &  W.  Fuse  Co.,  407  Pine 
St.,  Providence,  R.  I. 

Downing,  P.  M.  Manager  Colusa  Gas  and  Electric  Co., 

Colusa,  Colusa  Co.,  Cal. 

Drkssel,  John  Hathaway  With  Wagner  Electric  Mfg.  Co.  of 
St.  Louis,  Mo.;  Kane,  111. 

1808    Fisher 


DowiK,  Horace 


DowNBS,  Louis,  W. 


Drbssbr,  Charles  A. 

Drbssler,  Charles  £. 
Drohan,  T.  E. 

Drysdalb,  Dr.  W.  A. 

Dryer,  Erwin 

Dubois,  Tuthill, 

Duncan,  John  D.  E. 

[Life  Member.] 

Duncan,  Thomas 
Dunn,  Clifford  £. 


Supt.,    Kohler     Bros., 
Bldg.,  Chicago,  III. 

17  Lexington  Ave.,  New  York  City. 

Supt.  of  Shops,  Northern  Electric  Mfg. 
Co.,  Madison,  Wis. 

Consulting  Electrical  Engineer,  414 
Hale  Building,  Philadelphia,  Pa. 

Salesman  and  Engineer,  Westing- 
house  E.  &  Mfg.  Co.;  residence, 
171  La  Salle  St.,  Chicago,  III. 

Electrical  Contractor,  19  Park  Place; 
residence,  168  Linwood  Street, 
Brooklyn,  N.  Y. 

Engineer,  with  Sanderson  and  Porter, 
31  Nassau  St.,  New  York  City. 

General  Supt.,  Duncan  Electric  Mfg. 
Co.,  Lafayette,  Ind. 


Patent  Attorney,  Park  Row  Bldg, 
New  York  City,  residence,  12-a 
Monroe  St.,  Brooklyn,  N.  Y. 

With  C.  C.  Moore  &  Co.,  218  Second 
Ave.,  So.  Seattle,  Washington. 

Chief  Electrical  Engineer,  Manhattan 

-  State  Hospital  of  the  State  of  New 
York,  Ward's  Island,  N.  Y.;  resi- 
dence,  115  East  26th  St.,  New  York 
City. 

General  Manager  Bell  Telephone  Co., 
of  Mo.,  Telephone  Building,  St. 
Louis,  Mo. 
DusiNBERRE,  Gkorge  Bkown  Assistant  to  Fourth  Vice-Presi- 
dent Westinghouse  Electric  &  Mfg. 
Co.,  Pittsburg  ;  residence,  Edge- 
wood  Park,  Pa. 
(at) 


Dunn,  Kingslby  G, 
DuRANT,  Edward 

Durant,  Geo.  F. 


Date  of  Election 
Sept.  27,  1 90 1 

July   7.  1884 

Jan.  9,  1901 
Sept.  27,  i^oi 

Jan.  25,  1901 

Nov.  22,  i8q9 

June  24,  1898 

Sept.  27,  1901 

May  21,  1901 
Dec  16,  1890 

May  21,  1901 
Sept.  19,  1894 

Feb.  28,  1902 

Aug.  23,  1899 
Mar.  20,  1895 
Oct.  17,  1894 

Feb.  15,  1899 
Oct.  17,  1894 

Nov.  15,  1892 
April  15,  1884 

Nov.  22,  1901 
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Name.  Address, 

Dybr,  ER>fSST  I.  Engineer  and  Manager  of  the  Engi- 

neering Department  of  the  American 
Trading  Co.,  Box  28,  Yokohama, 
Japan. 

Dybr,  Shubael  Allen  Manager  Supply  Dept.  Mexican  Gen- 
eral Electric  Co.,  Box  403,  Mexico 
City,  Mexico. 

Dyke,  Owen  Arthur  Wynne     Electrical  Contractor,  30  St. 
George's  St.;   P.  O   Box  811,  Cape- 
'  town,  South  Africa. 

Dysterud,  Emil  Superintendent  and  General  Manager, 

Compania  de  Luz  Electrica  y  Fuer- 
za  Motriz,  Monterey,  Nuevo  Leon, 
Mexico. 

Eastman,  George  Nial  In  charge  of  Testing  Laboratory, 
Chicago  Edison  Co.,  139  Adams 
St.,  Chicago,  III. 


Eddy,  H.  C. 
Eddy,  Horace  T. 

Edmands,  I.  K. 


Electrical  Engineer,  Lees  Building, 
Chicago,  111. 

Assistant  Prof,  of  Electrical  Engineer- 
ing, CJnion  College,  Schenectady, 
N.  Y. 

Superintendent,  Union  Carbide  Co., 
Sault  Ste  Marie,  Mich. 


Edmands,  Samuel  Sumner  Dept.  of  Science  and  Technology, 
Pratt  Institute,  Brooklyn,  N.  Y. 

Edmonston,  Edgar  Davis  Electrical  Engineer,  The  Lacka- 
wanna Iron  and  Steel  Co.,  401  Dela- 
ware Ave.,  Buffalo,  N.  Y. 


Edwards,  James  P. 
Edwards,  Clifton  V. 
Eglin,  James  Meikle 

Eglin,  Wm.  C.  L. 


Date  of  E]«ctioii. 

Jan.  25,  1899 
May  15,  1900 
Sept.  27,  1901 

July  26,  1900 

Nov.  22,  U}Oi 
June  20,  1894 

May  21,  1901 
June  23, 1897 
Mar.  22,  1901 

Apr.  25,  1902 
April  19,  1892 
Nov.    22,  1899 


Consulting  Electrician,  Augusta;  resi- 
dence, Montesano,  Summerville,Ga. 

Attorney. at- Law  and  Solicitor  of  Pa- 
tents, 220  Broadway,  New  York. 

Chief  of  Electric  Dept.  Edison 
Electric  Light  Co.,  of  Philadelphia, 
icth  and  Sansom  Sts. ;  residence, 
423oChester  Ave.,  Philadelphia,  Pa.     July  26,  1900 

Electrical  Engineer,  N.  E.  cor  loth 
and  Sansom  Sts.,  residence,  235 
S.  42d  St  ,   Philadelphia,  Pa. 


Ehrbt,  Cornelius  Dalzell     ioii  Chestnut  St.,  Philadelphia, 
Pa. 


Ekstrand,  Charles 


Ekstrom,  Axel 
Ellard,  John  VV. 
EuAs,  Albert  B. 
(19) 


Superintending  Engineer,  Brooklyn 
Cooperage  Co.,  Brooklyn  Elevator 
and  Milling  Co.,  and  Palmer's 
Docks,  North  6th  St.  and  Kent 
Ave.;  residence,  74  South  9th  St., 
Brooklyn,  N.  Y. 

Electrical  Engineer,  General  Electric 
Co.,  Bangalore,  India. 

J.  L.  Blackwell  &  Co.,  229  East  Ger- 
man St.,  Baltimore,  Md. 

13 10  Washburn  Street,  Scranton,  Pa. 


Sept.   19,  1894 
Jan.   24,    1902 

Apr.    25,  1902 

June    17.  1890 

June    23,  1897 
Jan.     26,  1898 
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Name. 
Ellinger,  Edgar 


Elliott,  Elmer  G. 

Ellis,  John 
Ellis,  R.  Laurie 
Elmer,  William.  Jr. 


AddreM. 
Electrical  Enfrincer,  Geor|^e  A.  Fuller 
Co.,  137  Broadway;  residence,  215 
E.  79th  St.,  New  York  City. 

American  Smelting  and  Refining  Co. ; 
residence.  '*The  Manitou*',  Salt 
Lake  City,  Utah. 

Manager,  The  Lonsdale  Co.'s  Electric 
Light  Plant,  Lonsdale,  R.  L 

Supt.,  Meridian  Street  Railway  and 
Power  Co.,  Meridian,  Miss. 

Assistant  Master  Mechanic,  Altoona 
Machine  Shop,  Altoona,  Pa. 


Ely,  Wm.  Grosvenor,  Jr. 

Embrick,  Louis  W. 

Entz,  Justus  Bulkley 

Erickson,  F.  Wm. 

Erwin,  Frank  Bennett 

EsTERLiNB,  J.  Walter 

Estes,  Orange  A. 
EsTY,  William 

Etheridge,  Locke 
Evans,  Clemsnt  W. 
Evans,  Paul  H. 


Ass't  Supt.  Construction,  General 
Electric  Co.,  849  Union  Street, 
Schenectady,  N.  Y. 

Vice-President  and  General  Manager, 
Fulton  Light,  Heat  &  Power  Co.; 
residence,  189  First  St.,  Fulton.N.Y. 

Electrical  Engineer,  Electric  Storage 
Battery  Co.,  19th  St.,  and  Allegheny 
Ave.,  Philadelphia,  Pa. 

Electrical  Engineer.  The  Erickson 
Electric  Equipment  Co.,  71  Federal 
St.,  Boston,  Mass. 

Electrical  Engineer,  Westinghouse  £. 
&  M.  Co.,  Pittsburg;  residence,  515 
Jeannette  St.,  Wilkinsburg,  Pa. 

Instructor  Electrical  Engineering,  Pur- 
due University, residence,  401  State 
St.,  Lafayette,  Ind. 

Central  Union  Telephone  Co. .  Colum- 
bus; residence,  Ravenna,  Ohio. 

Assistant  Professor  of  Electrical  Engi- 
neering, Lehigh  University,  South 
Bethlehem;  residence,  129  Wall  St., 
Bethlehem,  Pa. 

Pullman  Car  Works,  Pullman ;  resi- 
dence, 44  E.  50th  St. .Chicago,  111. 

Electrical  Engineer,  American  Engi- 
neering Co.,  Box  2100  Mexico  City. 

Chief  Engineer,  Mexican  General  Elec- 
tric Co.,  Apartado  403  Mexico  City. 

Everit,  Edward  Hotchkiss  Superintendent  of  Equipment, 
The  So.  N.  E.  Telephone  Co. ,  641 
Whitney  Ave.,  New  Haven,  Conn. 

Eyre,  Manning  K.  Buckeye  Electric  Co.,  Cleveland,  O. 

Farnsworth,  Arthur  J.  Asst.  Chief  Engineer,  Consolidated 
Railway,  Electric  Lighting  and 
Equipment  Co. ,  23  Thames  Street, 
New  York  City. 

General  Manager,  United  Electric 
Company  of  New  Jersey,  207  Mar- 
ket St. ;  residence,  141  Clinton  Ave., 
Newark,  N.  J. 


Farrand,  Dudley 


(20) 


Date  of  Election. 
Apr.    25,  1902 

May  21,  1901 
Apr.  26,  1899 
April  26,  1899 
Mar.  18,  1890 

Mar.  21,  1893 

Aug.  13,  1897 

Jan.  7,  189P 

Sep.  19,  1894 

Jan.  3,  1902 

Mar.  28,  1900 
Jan.  3,  1902 

Mar.  20,  189s 

Oct.  17,  1894 

Feb.  28,  1900 

Jan.  24,  1900 

Jan.  3,  1902 
Oct.  17,  1894 

Jan.  16,  189s 
July   26,  1900 
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Name.  Address.  Date  of  Electaott. 

Ferguson,  Louis  Aloysius  General  Superintendent,  Chicago 
Edison  Co.,  139  Adams  St.,  Chicago, 
111.;  residence,  1401  Davis  St., 
Evanston,  111.  Oct.    25,  1901 

Ferguson,  Samuel  Engineer,  General  Electric  Co.,  Sche- 

nectady, N.  Y.  Jan.    3,    1902 

Ferris,  Robert  Murray,  Jr.  Engineering  Department,  The 
N.  Y.  &  N.  J.  Telephone  Co.,  81 
Willoughby  Street,  Brooklyn.  N.  Y,; 
residence,  239  West  103d  St  ,  New 
York  City.  Feb.  28,  1902 

Fielding,  Frank  E.         Chemist  and  Assayer,  Virginia  City, 

[Ufe  Member.]  Nev.  Sept.     6,  1887 

FiNNSY,  JOHK  C.  Room   II2I,  Herman   Building;  resi- 

dence, 34  Prospect  Ave.,  Milwaukee, 
Wis.  Dec  28.  1898 

Firth,  Wm.  Edgar  Chief  Engineer,    The  Midvale  Steel 

Co.,  Nicetown,  Philadelphia  ;  resi- 
dence, 7203  Boyer  St.,  Germantown, 
Pa.  Mar.   25,  1896 

Fish,  Fred  Alan  Assistant  Prof,   of  Electrical  Engin- 

eering, Ohio  State  University, 
residence,  229  W.  nth  Ave.,  Col- 
umbus, O.  Mar.  28,  X900 

Fish,  Frederick  Perry  President,  American  Telephone  &  Tele- 
graph Co.,  125  Milk  St.,  Boston; 
residence,  Brookline,  Mass.  Mar.  28,  1902 

Fitzgerald,  Thomas,  Jr.    Superintendent,  F.  &  C.   E.  R.  R. 

Co.,  Fairmount,  W.  Va.  Jan.    3,    1902 

FiTZHUGH,  Wm.  H.  Supt.    Bay  City   Electric   Plant,    Bay 

City,  Mich.  April  27,  1898 

Flathkr,  John  J.  Professor  of  Mechanical  Engineering, 

University  of  Minnesota;  residence, 
1 103  Fourth  St.,  S.  E.,  Minneapolis, 
Minn.  April  19,  1892 

Fleming,  John  Breckenridge.  M.  M.,  and  Elec.  Engineer, 
Bingham  Consolidated  Mining  and 
Smelting  Co.,  Bingham,  Uuh.  April  27,  1898 

Fleming,  John  F.  Electrical      Contractor,       Brookline, 

Mass.  July  12,    1900 

Fleming,  Richard  Designing  Engineer,  General  Elec.  Co., 

Lynn;  residence,  Swampscott,  Mass.     Jan.   24,  1902 

Fliess,  Robert  Anton      44  Chestnut  St..  East  Orange,  N.  J.     Mar.  23,  1898 

Floy,  Henry  Consulting  Electrical  and  Mechanical 

Engineer,  220  Broadway,  New  York 
City;  residence,  17  Hawthorne 
Ave.,  East  Orange,  N.  J.  May    17,  1892 

Fog,  Carl  F.  Electrician,    General     Electric    Co., 

Lynn;  residence,  East  Saugus,  Mass.     Mar.  28,  1900 

Folk,  Frederick  Jackson.  Chief  Electrician,  New  York  & 
Queens  E.  L.  &  P.  Co. ;  residence, 
13s  Rutland  Rd.,  Brooklyn,  N.  Y.        Mar.  28,  1902 

Foots,  Thos.  H.  Electrical  Engineer,  84  So.  Marengo 

Ave.,  Pasadena,  Cal.  April  21,  1891 


(19) 
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Name.  Address. 

Forbes,  Francis  Lawyer,  32  Nassau  St.,  New  York  City. 

Ford,  Arthur  Hillykr,  E.  E,  Prof,  of  Physics  and  Electri- 
cal Engrineering,  Georgia  School  of 
Technology,  Atlanta,  Ga. 

Ford,  Frank  R.,  M.  E,  Consulting  Engineer,  Ford,  Bacon  & 
Davis,  149  firoadway.  New  York 
City. 

Ford,  Wm.  S.  Assistant    to    Chief    Engineer,    The 

American  Telephone  and  Teleg^ph 
Co.,  room  73,  125  Milk  St.  Boston, 
Mass. 


Fowler,  Geo.  W. 
Francisco,  M.  J. 
Frank,  Geo.  William 

Frankenfield,  Budd 
Franklin,  W.  S. 
Frantzen,  Arthur 
Eraser,  James  Wm. 


Electrical  Expert,  The  C.  &  C.  Elec- 
tric Co.,  Garwood,  N.  J. 

President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, Vt. 

Engineer  in  charge  Yadkin  River 
Hydraulic  Development,  New  Lon- 
don, N.  C. 

Instructor  in  Electrical  Engineering, 
University  of  Wisconsin,  609  Lake 
St..  Madison,  Wis. 

Professor  of  Physics  and  Electrical 
Engineering,  Lehigh  University, 
South   Bethlehem,  Pa. 

Electrical  Engineer  and  Contractor, 
225  Dearborn  St.,  residence,  662  N. 
Irving  Ave.,  Chicago,  111. 

438   Franklin  Ave.,  Wilkinsburg,  Pa. 


French,  Thomas,  Jr.,  Ph.D.  114  N.  Ingalls  St.,  Ann  Arbor, 
Mich. 

Frkudenberger,  William  Kaiser  Chief  Electrician,  The 
Colorado  Fuel  and  Iron  Co.;  resi- 
dence, 209  E.  Evans,  Pueblo.  Col. 

Friedlaender,  Eugene  Electrician,  Carnegie  Steel  Company, 
Duquesne,  Pa. 

Fry,  Donald  Hume  The  Sundard  Electric  Co.,  Jackson, 
Amador  Co.,  Cal. 

Fuller,  Edwin  Ernest  Representative  Engineer  for  Scot- 
land for  The  British  Thomson- 
Houston  Co.;  residence,  Abbotts- 
ford,  St.  Andrews  St.  Ayr  N.  B. 
England. 

Gallaher,  Edward  6.  The  Keystone  Motor  Co.,  Drexel 
Building ;  residence,  1230  Orkney 
St..  Philadelphia,  Pa. 

Student  at  Columbia  University,  resi- 
dence 58  W.  55th  St.,  New  York 
City. 


Gallatin,  Albert  R. 


Ganz,  Albert  F. 


Garrbls,  W.  L. 


(20) 


Assistant  Professor,  Physics  and  Ap- 
plied Electricity.  Stevens  Institute  ; 
residence  6 1 2RiverSt.,Hoboken,  N.J. 

Consulting  Engineer,  Franklin  Bank 
B'ld'g.;  residence,  4531  West  Pine 
Boulevard,  St.  Louis,  Mo. 


Date  of  BlectlM. 

Sept.  16,  1890 
Mar.  24,  1897 
Mar.  25,  1896 

June  7,  x89f 
Oct.  24,  1900 
June   17,  1890 

Sept.  38,  1898 

Feb.   17,  1897 

Jan.     22,  1896 

Feb.  21,  1894 
May  21,  1901 

Sept.  20,  1893 

Nov.  22,  1901 
Nov.  30,  X89S 
Nov.  23,  1898 

Feb.  28,  1902 
Jan.  19,  1895 
Mar.  23,  1898 
April  26,  1899 
Mar.  20,  189s 
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Nftnuflw  Addreia. 

Gartley,  Alonzo  General  Manager,  Hawaiian  Electric 

Co..  Honolulu.  H.  I. 

Gaylord,  Truman  Penfiei,d  Manag^er,  Chicago  Office,  West- 
in^rhouse  E.  &  Mfg.  Co..  171  I  .a 
Salle  St.;  residence,  610  Dearborn 
Ave.,  Chicago,  111. 

Electrical  Engineer,  Oakland,  Cal. 

General    Inspector,    Chicago    Edison 
Co.,   139  Adams  St.,  Chicago,  III 

George,  James  Zackariah  General  Manager  and  Chief  En- 
gineer, Street  Railway  and  Lighting 
Plant,  Vicksburg,  Miss. 

Chief  Engineer,  New  York  and 
New  Jersey  Telephone  Co.,  81 
Willoughby  St.,  Brooklyn;  resi- 
dence, 360  W.  2xst  St.,  New  York 
City. 

Assistant  to  the  Superintendent.  The 
Niagara  Falls  Power  Co. ;  residence. 
539  Fourth  St.,  Niagara  Falls.  N.Y. 


Gaytis,  Herbert 
Gear,  Harry  Barnes 


Ghsrardi,  Bancroft,  ]r. 


Gibbonry,  William  Kent 


Westinghouse  Co.'s  Publishing  Dept. ; 
Office,  East  Pittsbarg;  residence. 
268  Shady  Ave.,  Pittsburg  (East 
End),  Pa. 

Salesman  Westinghouse  E.  &  Mfg.  Co  , 
171  La  Salle  St  ,  Chicago,  111 

Supt.  Electric  Dept.,  St.  Paul  Gas 
Light  Co.,  St.  Paul,  Minn. 

Pelham  Manor,  N.  Y. 


Gibson,  Geo.  H. 

Gibson,  John  Jameson 
GiLLE.  Henry  John 

GiLULAND,  E.  T. 

GiLLis,  Harry  Alexander  General  Superintendent,  Richmond 
Locomotive  Works,   Richmond,  Va. 

Oilman,  Francis  Lyman  Telephone  Engineer,  Western  Electric 
Co.,  463  West  St.,  New  York  City; 
residence,  49  Christopher  St.,  Mont- 
clair.  N.  J. 

Glass,  Louis  Assistant    General    Manager,   Pacific 

Telegraph  and  Telephone  Co.. 
Telephone  Bldg.;  residence,  216 
Bush  St.,  San  Francisco,  Cal. 

GOLDMARK,  Chas.  J.  Consulting     Electrical    Engineer,   66 

New  Street,  Tel.  2729  Broad,  New 
York  City. 

Gordon,  Reginald  Residence,    315   W.   71st    St.,    New 

York  City. 

GORRISSEN,  Ch.  Siemens  Bros.  &  Co.,  Ltd.,  York  Man- 

sions, York  St.,  Westminster,  Lon- 
don S.  W. 

Gorton,  Chari.es  Civil  Engineer,  Belmont,  N.  Y, 

GouGH,  Harry  Eugene  Assistant  in  Office  Mechanical  Engi- 
neers, Penn  R.  R.  Co.,  141 5  nth 
St.,  Altoona,  Pa. 

Graham,  William  P.         Professor  of   Electrical   Engineering, 
Syracuse  University,  504  University 
Place,  Syracuse,  N.  Y. 
(90) 


Date  of  ClMUOB. 
July     12,   1900 


Feb.   38,    1902 
Mar.   23,  1898 

Oct.    25,   1901 


Sept.  27,  1901 

June  27.  189s 
Sept.  27.  1901 

Nov.  23,  1899 

Feb.   28,   1902 

Jan.    35,  1901 
April  15,  1884 

Apr.  26,   1901 
June  28,  1901 

Oct.   24,  1900 

June     5,  1888 
Feb.    24,  1 891 


Mar.   25,  1896 
Nov.    13,  1889 


Jan.      9,  1901 
Jan.  34,    1902 
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Grakbery,  Julian  H.       Residence,  561  Walnut  St.,  Elizabeth, 

N.  J. 

Grant,  Louis  T.  General  Delivery,  Manila,  P.  I. 

Grant,  Oliver  Remick  Student,  Columbia  University;  resi- 
dence, 2236  Southern  Boulevard, 
Bronx  Borough,  New  York  City. 

Halifax  Electric  Tramway  Co.,  Hali- 
fax, N.  S. 


Graves,  Chas.  B. 
Gray,  Clyde  D. 


Assistant  in  Electrical  Department, 
J.  G.  White  &  Co..  2q  Broadway, 
New  York  City;  residence  50 
Pierrepont  St.,  Brooklyn,  N.  Y. 

Gray,  Edward  Wyllys  Taylor.  Manajjer.  New  York  Sales 
Office,  Wcsting^house  Elec  &  Mfg. 
Co.,  120  Broadway,  New  York  City; 
residence,  Montclair,  N.  J. 

Green,  Elwyn  Clinton  With  Commercial  Electric  Co. :  resi- 
dence, 1 7 10  Prospect  St.,  Indianap- 
olis, Ind. 

Greenleap,  Lewis  Stone  General  Superintendent,  Hudson 
River  Telephone  Co.,  Albany,  N.  Y. 


Greenwood,  Fred.  A. 
Greenwood,  George 

Grifpen,  John  D. 

Grippes,  Eugene  V. 
Griffin,  Gen.  Eugene 
Grissinger,  Elwood 
Grower,  George  G. 

Guerrero,  Julio 


Secretary  California  Electric  Works, 
4og  Market  St. ,  San  Francisco,  Cal. 

Electrical  Engineer  and  Superinten- 
dent, Jalapa  Railway  and  Power 
Co.,  Jalapa,  V.  C,  Mexico. 

Inventor,  Electric  Conduit  and  Elec- 
tric Signaling  Apparatus,  Broad-Ex- 
change B*ld^,  25  Broad  St.;  resi- 
dence,   304   West   90th   St.,    New 

.  York. 

c/o    United  Electric  Co.  ,Long  Beach, 
Cal. 

First  Vice-President,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 

Engineer,  The  Cataract  Power  &  Con- 
duit Co. ,  40  Court  St.,  Buffalo,  N.  Y. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 


GuTiSRiBz,  Manuel  R. 
Guy,  George  Heli 


Associated  with  the  Durango  Electric 
Light  Co.,  Victoria,  12  Durango, 
Mex. 

Professor  of  Physics.  Normal  School, 
Jalapa,  V.  C,  Mexico. 

Secretary,  The   New  York  Electrical 
Society,   114  Liberty  St.,  New  York 
City. 
Hakonson,  Carl  Harold     Electrical    Engineer,     SOdertelge, 

Sweden. 
Hall,  Clarence  Mortimer    Teacher  of  Physics  and  Electricity, 
Manual    Training    School    No.     i, 
7th   St.    and    R.  1.    Ave.,    N.  W.; 
residence,  605  Florida  Ave.,  N.  W., 
•     Washington,  D.  C. 
(20) 


Date  of  Electbn. 

Aug.  5,  1896 
Nov.  22,  1899 

Mar.  28,  1902 
Sept.  15,  1897 

Apr.  25,  1902 

Jan.  3,  1902 

Mar.  25,  1896 
Aug.  5,  1896 
April  28,  1897 

Jan.    24,  1900 

Aug.  13.  1897 
Feb.  26,  1896 
Feb.  7t  1890 
Mar.  28,  1902 

Mar.  18,  1890 

April  25,  1900 
April  2S,  1900 

May  16,  1893 
Sept.  25,  1895 

Mar,  28,    1902 
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Hall,  Edward  J.  Vice-President  and  General  Manager, 

American  Telephone  and  Telegraph 
Co.,    15   Dey  St.,  New  York  City.    April  18.  1893 

Hall,  Frkd'k  A.  Engineer,  The  Johnson- Lundell  Elec- 

tric  Traction  Co.,    Ltd.,    16   Soho 
Square,  London,  W.  Ang.    23,  1899 

Hall,  Harriott  Curtis  Student,    Polytechnic    Institute, 

Brooklyn,    N.    Y. ;    residence.  Glen 
Cove,  L.  I.  June    28,  1901 

Hallberg,  J.  Henry  Electrician.  General  Incandescent 
Arc  Light  Co.,  572  First  Ave.;  res- 
idence, 3  Beech  Terrace,  E.  143d 
St..  New  York  City.  Aug.   23,  1899 

Hamerschlag,  Arthur  A.    Consulting  Engineer,   41  Liberty 

St.,  New  York  City.  '     Mar.   25,  1896 

Hamilton,  James  Patent  Law   Specialist,  53   State  St., 

Boston,  residence,    205   Crafts   St., 
Newton ville,  Mass.  Nov.  23,  1898 

Hamilton,  Ralph  Bergen    Manager,    The    Packard   Electric 

Co.,  Ltd..  St.  Catharines.  Ont.  Nov.  22,  1901 

Hammatt,  Clarence  S.    Manager,   Jacksonville   Electric  Light 

Co.,  Jacksonville,  Fla.  Sept.  20,  1893 

Hancock,  L.  M.  Supt.,  Nevada  Division,  Bay  Counties 

Power  Co.,  P.  O.  Box  151,  Nevada 
City,  Cal.  May    19,  1891 

Hanscom,  Wm.  W.  Chief  Electrical  Engineer,  Union  Iron 

Works,   612   O'Farrell  Street,   San 
Francisco,  Cala.  April  25,  1900 

Hanks,  Marshall  Wilfred  Engineer,  Nemst  Lamp  Co.;  resi- 
dence. Amber  Club,  Pittsburg,  Pa.       Jan.    3.     ig02 

Hanson,  Arthur  James  Lawrence  &  Hanson,  3  Wynyard  St., 
residence,  Drunnmoyne,  Sydney, 
N.  S.  W.  Nov.  22.  1899 

Harding,  H.  McL.  20  Broad  Street,  New  York  City.  May    24,  1887 

Hardy,  Carl  Earnest  Master  Electrician,  U.  S.  Navy  Yard, 
Norfolk.  Va.;  residence,  206  Lon- 
don St.,  Portsmouth,  Va.  Dec.   27,  1899 

Harris,  George  H.  Chief  Engineer,  Birmingham  Railway 

Light  and  Power  Co.,  Birmingham, 
Ala.  June  ao,  1894 

Harris,  Grenville  A.  Electrical  and  Mechanical  Engineer, 
Takata  &  Co^,  10  Wall  St.,  New 
York  City:  residence,  Elizabeth, 
N.  J.  Oct.    25,  1901 

Harter,  Bret  With  E.  P.  Roberts  &  Co.,  Cleveland. 

Ohio.  July  26,  1900 

Hartman,  Herbert  T.  2nd  Vice-President  and  Chief  Engi- 
neer, 1406  Land  Title  B'ld'g.,  resi- 
dence. 3135  Clifford  St.,  Philadel- 
phia. Pa.  Mar.    ai,  1893 

Harvey,  Robert  R.  10  So.  Franklin  St.,  Wilkes-Barre,  Pa.     Sept.  25,  1895 

[Life  Member.] 
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Haskins,  William  Edgar  Chief  Electrician,  South  Works. 
American  Steel  and  Wire  Co.,  209 
Vernon  St..  Worcester,  Mass.  Jan.   25,  1901 

Hassler,  Chas.  T.  F.       Electrical    Engineer,    "Union"    Co., 

Riga,  Russia.  Oct.    24,  1900 

Hathaway,  Joseph  D.,  Jr.    Superintendent,  The  Wire  &  Cable 

Co  ,  Montreal,  Quebec.  Aug.     5»  1896 

Hatzel.  J.  C.  Firm  Hatzel  and    Buehler,    114   Fifth 

Ave.,  residence, 1 23 1  Madison  Ave., 
New  York  City.  Sept.     3.  1889 

Haubrich,  Alex.  Michael  Electrical  Engineer,  with  Strc  m- 
berg-Carlson  Telephone  Mfg.  Co., 
72  West  Jackson  Boulevard, 
Chicago,  111.  April  26.  1901 

Hawks,  H.  D.  Engineer,  with  General  Electric  Co., 

Schenectady,  N.  Y.  May   21,  1901 

Hbaly,  Louis  W.  Treasurer,    East    Liverpool    Railway 

Co.,  East  Liverpool,  Ohio.  June  26,  1891 

Heany,  John  Allen         Expert,  Teter-Heany  Developing  Co., 

904Quarry  St.,  Philadelphia,  Pa.  Oct.   25,   1901 

Hedenbrrg,  Wm.  L.  Manager  and  Editor,  Electricity,  136 

Liberty  Street,  New  York  City.  Nov.   21,  1894 

Heft,  N.  H.  Chief  of  Electrical  Dep't  N.Y.N. H.  & 

H.  R.  R.,  New  Haven;   residence, 
Bridgeport,  Conn.  Aug.   23,  1899 

HiiTMANN,  Edward,  Jr.,  Stanley  Electric  M'fg.  Co.,  Pittsfield, 

Mass.  Oct.    24,  1900 

Hellick,  Chauncey  Graham  Chicago    Telephone    Co.,    203 

Washington  St  ,  Chicago,  III.  Jan.     26,  1898 

Hemingway,   Albert   Franklin      Chief    Draughtsman,   The 
Western  Electric  Co.,  463  West  St ;   . 
residence,   143   W.    I22d   St.,  New 
York  City.  Sept.  27.  1901 

Henderson,  Alex.  Electrician,  Sprague  Electric  Co.,  resi- 

dence, 146  W.  104th  St.  N.  Y.  Nov.  30,  1897 

Henderson,  Henry  Banks    Riverside,  Cal.  May    21,  1895 

Henry,  George  Clinton  Sales  Manager.  Florida  Electric  Co., 
33  W.  Forsythe  St.,  Jacksonville, 
Fla.  Jan.    3,     1902 

Henry,  Geo.  J.,  Jr.,  Engineer  for  The  Pelton  Water  Wheel 
Co.,  143  Liberty  St  ,  New  York  and 
127  Main   St.,  San  Francisco,  Cal.     April  27,  1898 

Henry,  Ira  Walton        Cable  Engineer,  The  Safety  Cable  Co., 

229  W.  28th  St.,  New  York  City.         May    2i,  1901 

Henry,  Lewis  Warner  Assistant  in  Engineering  Department, 
Mexican  General  Electric  Co  ,  Mex- 
ico City.  Feb.   28,  1900 

Herdt,  Louis  A.  Lecturer  on    Electrical  Engineering, 

McGilltUniYersity,Montreal, Canada.     May    16,  1899 

Hkrmessen,  John  Louis   83    Cannon    St..     London,     E.    C, 

England.  Jan.'  '20,  1897 

(21) 
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HsRRicK,  Albert  B. 


Address. 
Consultitis^  Electrical   Engineer,    120 
Liberty  St.,   New  York  City  ;  resi- 
dence. Ridge  wood,  N.  J. 

Chief  of  Installations  Department, 
Ganz  &  Co.  V.  Elisabetplatz  i, 
Budapest,  Hungary. 

Electrical  Engineer,  Queensland  Gov- 
ernment Post  and  Telegraph  Dept., 
Brisbane,  Queensland. 

Hessenbruch.  George  S.  E.E.  PJi.D,  Ass't  Engineer  to  Sup't 
of  Structure,  205  Union  Station, 
Terminal  K.  R.,  residence,  514  N. 
Spring  Ave.,  St.  Louis,  Mo. 


Herzog,  Joskf 


Hesketh,  John 


Hewitt,  Charles  E. 

Hewitt,  Peter  Coopkr 
Hewitt,  William  R. 

Hewlett,  Edward  M. 


Electrician,  Hyer-Sheehan  Electric 
Motor  Co.,  139  Chamber  St.,  New- 
burgh.  N.  Y. 

II  Lexington  Ave.,  New  York  City. 

Chief.  Department  of  Electricity.  9 
Brenham  Place,  San  Francisco,  Cal. 

Engineer,  General  Electric  Co.,  resi- 
dence. 27  University  Place,  Sche 
nectady,  N.  Y. 

HiLDBURGH,  Walter  Leo  Student,  Columbia  University  ;  c/o 
D.  H.Hildburgh,  Hotel  Normandie, 
New  York. 

Hill,  Ernest  Rowland  Electrical  Engineer,  The  British 
Wcstinghousc  E.  &  M.  Co.,  Ltd.. 
Westinghouse  Building,  Norfolk  St., 
Strand,  London  W.C..  Eng. 

Hill,  G.  Henry  Engineer.  Sprague   Electric  Co.,   527 

W.  34th  St.,  New  York  City  ;  resi- 
dence, II  Hamilton  Road,  Glen 
Ridge,  N   J. 


Hill,  Nicholas  S.,  Jr. 

Hillman,  H.  W. 
Hines,  Charlks  Henry 

Hitzeroth,  L.  D. 
HoAG,  Geo.  M. 

Hodge,  Charles 

HoDGK,  William  B. 

(i8) 


Consulting  Engineer,  520  Equitable 
Bldg.,  Baltimore,  Md..  and  100 
William  St.,  New  York  City. 

General    Electric    Co.,    Schenectady, 

N.  Y.  ' 

Superintendent  Electrical  Depart- 
ment, Lorain  Steel  Co.,  544  14th 
Ave..  Lorain,  Ohio. 

President,  Century  Electric  Co..  18 
Second  St.,  San  Francisco,  Cal. 

City  Electrician,  City  of  Cleveland, 
113  Citv  Hall:  residence,  317  Hough 
Ave.,  Cleveland,  O. 

Salesman,  Westinghouse  E.  &  M.  Co., 
120  Broadway,  residence,  201  W. 
78th  St.,  New  York  City. 

Electrical  Engineer,  Queen  &.  Co.. 
1010  Chestnut  St.,  Philadelphia,  Pa. 


Date  of  Election. 
May    21,  1901 

Jan.  3,  1902 
May  21,  1901 

June   27,  1895 

Sept.  25,  189s 
May  21,  1901 

May  15.  1894 
May  19,  1891 
Dec.  28,   1898 

Jan.    25,  1899 

Jan.    25,  1899 

Aug.  5,  1896 
Jan.     3.    i9ot 

Apr.  25,  1902 
July    26,  1900 

April   28,  1897 

Mar.  28,  1902 
Dec.  28,  1898 
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Hodges,  William  Lemmon  Engineer  of  Equipment,  Keystone 
Telephone  Co.,  Keystone  Telephone 
Building,  Second  and  Sansom  Sts.; 
residence,  3453  Woodland  Avenue, 
Philadelphia,  Pa. 


Hoffmann,  Bernhard 


New  York  Telephone  Co.,  113  W. 
38th  St.,  residence,  12  W.  18th  St., 
New  York  City. 

HocAN,  Charles  William  Assistant  Superintendent,  The 
Capital  Electric  Co.,  Denver,  Col. 

HoLBERTON,  George  C.  General  Supt.  Electric  Department, 
Oakland  Gas  Light  and  Heat  Co., 
13th  &  Clay  Sts.,  Oakland,  Cal. 

HoLBROOK,  Frederick  Montgomery  Electrical  Engineer, 
Crocker- Wheeler  Co..  Old  Colony 
Building,  Chicago,  111. 

HOLBROW,  Herman  L.  Draughtsman,  Equipment  Dept.,Navy 
Yard;  residence,  112  Waverly  Avc.» 
Brooklyn.  N.  Y. 

Holmes,  Gwyllyn  R.  Holmes- Rose  Eiectnc  Co..  No.  215 
Calvert  St.,  residence  2842  Park- 
wood  Ave.,  Baltimore,  Md. 

Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 
Silverton,  Col. 


President  Holtzer-Cabot  Electric  Co. , 
Brookline,  Mass. 

Supt.  of  Construction,  Standard  Un- 
derground Cable  Co.,  618  Westing- 
house  Bldg,  Pittsburg,  Pa. 

Electrical  Engineer,  Danvers,  Mass. 

Mechanical  Engineer,  J.  G.  White  Co., 
29  Broadway:  residence,  i  West 
89th  St.,   New  York  City. 

Inspector  of  Wires,  Supt.  of  Lamps, 
Fire  Alarm  and  Police  Telegraph, 
City  of  Cambridge,  City  Hall ;  resi- 
dence, 82  Magazine  St. ,  Cambridge- 
port,  Mass. 

Hopkins,  Nevil  Monroe,  M.S.  Electro-Chemist  and  Electro- 
chemical Engineer,  Instructor  in 
Chemistry  and  Electro  Chemistry  in 
the  Columbian  University,  1730  I 
Street,  N.  W.,  Washington,  D.  C. 


Holtzer,  Chas.  Wm. 
[Life  Member.] 

Hommel,  Ludwig 


Hood,  Ralph  O. 
Hoopes,  Maurice 

Hopewell,  Chas.  F. 


Hopkins,  N.  S. 


Designing   Engineer,     General   Elec- 
tric Co.,  Lynn,  Mass. 

HoPTON,  Walter  Edwin  General  Supt.,  Cincinnati  Edison 
Electric  Co.,  Cincinnati,  O. 

Horn,  Harold  J.  Electrical   Engineer,   John   A.  Roeb- 

ling's  Sons'  Co.;   residence,   36   W. 
State  St.,  Trenton,  N.  J. 

Howe,  Winthrop  Keith  Assistant  Engineer,  Taylor  Signal 
Co.,  Carroll  and  Wells  Sts.,  Buffalo, 
N.  Y. 

(18) 


Dale  of  Election. 

April  36,  I901 

Nov.    23,  1898 
Mar.  28,  1902 

May    15,  1894 

Sept.  27,  1901 

Mar.    24,  1897 

Jan.  24,  1900 
April  15,  1890 
May    21,  1901 

Jan.  20,  1897 
April  18,  1894 

Nov.  22,  190Z 

Aug.    13,  1897 

Nov.  20,  189s 
April  27,  1898 
April  26,  1 901 

Mar.    22,  1899 

Mar,   22«  1901 
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Howes,  Robert  Asst.  Supt.  of  the  Li^ht  and  Power 

System  of  Washington  Water  Power 
Co.,  Box  1587.  Spokane,  Wash. 

Patent  Lawyer.  38  Park  Row,  New 
York  City. 

Westinghouse,  Church,  Kerr  &  Co., 
26  ConlaDdt  St. .  New  York  City. 

Gould  Storage  Battery  Co.,  Astor 
Court  BMd'g,  25  W.  33rd  St.;  rcsi- 
dence,  Greenwich,  Conn. 

Hubbard,  William  C.  Vice-President, Electric  Arc  Light  Co., 
Sales  Manager  Manhattan  General 
Construction  Co.,  120  Broadway, 
New  York,  residence,  427  West  7th 
St.,  Plainfield.  N.  J. 

HUBRECHT,  Dr.  H.  F.  R.  Director.  Nederlandsche  Bell  Tele- 
phone Co.,  Amsterdam,  Holland. 


HowsoN,  Hubert 
HoxiE,  George  L. 
Hubbard,  Albert  S. 


HucciNs,  N.  W. 

HCGUBT,  CHAS.  K. 

Hulse.  Wm.  S. 
Humphreys,  C.  J.  R. 
Hunt,  Arthur  L. 
Hunt,  A.  M. 


Salesman,  etc..  General  Electric  Co., 
Seattle,  Wash. 

Electrical  Engineer,  753  Jackson 
Boulevard,  Chicago,  III., 

Electrical  Engineer,  with  Union 
Elektricitfits  Gcsellschaf I,  Doratheen 
Str.  43,  Berlin,  Germany. 

Manager,  Lawrence  Gas  Co.,  and 
Edison  Electrical  III  Co.,  Law- 
rence, Mass. 

Harrisburg  Foundry  and  Machine 
Works,  203  Broadway,  New  York 
City. 

Consulting  Engineer,  331  Pine  Street, 
San  Francisco,  Cala. 

Hunt,  Charles  Wallace  President,  C.  W.  Hunt  Co..  Staple- 
ton,  N.  Y. 

Huntley,  Chas.  R.  General     Manager,     Buffalo    General 

Electric  Co.,  40  Court  St.,  Buffalo, 
N.  Y. 

Hutton,  Chas.  William  Chief  Electrician.  Sacramento  Elec- 
tric Gas  and  Railway  Co.,  Sacra- 
mento, Cal. 

Hutchinson,  Frederick  L.  Advertising  Manager,  Christensen 
Engineering  Company,  Milwaukee, 
Wis. 

Hutchinson,  RoLiN  William,  Jr.  Student,  Polytechnic  Insti- 
tute; residence.  302  Clinton  Street, 
Brooklyn.  N.  Y. 


Hyde.  J.  E.  Hindon 

IDKLL,  Frank  E. 

Ihlder,  John  D. 
(20) 


Patent    Lawyer,    120  Broadway,  New 
York  City. 

Havemeyer  Building,  26Cortlandt  St., 
New  York  City. 

Electrical  Engineer,  Otis  Elevator  Co., 
Yonkers,  N.  Y, 


Dau  of  Efoctloe. 

Jan.  25,  1901 
June  8,  1887 
Feb.   38,  1901 

Nov.  80,  1895 

April  i8,  1894 
Oct.  4,  1887 
Aug.  5.  1896 
June  «7,  1895 

Mar.   25,  1896 

Sept.     6,  1887 

Sept.  19,  1894 
Feb.  38.  1900 
Apr.   25,  1902 

Sept.  85,  189s 

Feb.    15,  1899 

June    20,  1894 

Jan.  3.  1902 
Jan.  24.  1900 
July  13.  1887 
Oct.     2,  1888 
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Name. 
IlJIMA  ZeNTARO, 


Address 
Electrical  Engineer,  Shibaura  Engin- 
eering    Works.      I     Shinbamacho, 
Sbiba,  Tokyo,  Japan. 

Resident  Engineer,  Westinghouse 
Elec.  &  M'fg.  Co..  37  McGill  Col- 
lege Ave.,  Montreal,  Quebec. 

2d  Vice-President  and  General  Man- 
ager, General  Incandescent  Arc 
Light  Co..  572  First  Ave.;  residence, 
262  W.  83d  St.,  New  York  City. 

President,  Chicago  Edison  Co.,  139 
Adams  St.,  Chicago,  III. 

Electrician,  Nippon  Electric  Company, 
2  Mita  Shikokumachi  Shibaku, 
Tokyo,  Japan. 

S2  Beech  St..  Detroit,  Mich. 

4th  Assistant  Examiner,  Patent  Office; 
residence.  325  Spruce*St.,  N.  W., 
Washington,  D.  C. 

Inventor,  May  wood,  N.  J.,  ElcctMC 
Recording  Ship  Apparatus,  Labora- 
tory, 132  Mulberry  St.,  New  York, 
N.  Y. 

Jamks,  Henry  Duvall,  B.S.,  M.E.  Engineering  Department, 
The  Hollar  Lock  Inspection  and 
Guaranty  Co.,  421  Chestnut  St.; 
residence,  2S5  South  Eighth  St., 
Philadelphia,    Pa. 

Janisch,  Charlks  Chief  Engineer,  The  Siemens  &  Halske 

Co.;    Siegmunds    No.    12,    Berlin, 
Germany. 

Jaqhays,  Homer  M.  Lecturer  in  Mechanical   Engineering, 

McGill   University,  residence,    862 
Shcrbrooke  St. ,  Montreal,  Quebec. 

Jenks,  Arthur  Perkins  Railway  Department.  General  Elecrric 
Co.,  Schenectady,  N.  Y. 


Imlay,  L.  E. 
Insull,  Martin  J. 

INSULL,  Samuel 
iwadare,  kunihiko 

Jackson,  E.  D. 
Jackson,  Wm.  Steell 

Jaeger,  Charles  L. 


Johnson,  Albert  C. 

Johnson,  Charles  E. 
Johnson,  Howard  S. 


Superintendent  and  Electrician,  Elec- 
tric Light  &  Water  Works,  Box  308, 
Willmar,  Minn. 

Mexico  City  Tramway  Co.,  Mexico 
City,  Mexico. 

Jeffrey  M'fg  Co.,  303  Kanawha  St., 
Charleston,  W.  Va. 

Johnson.  Wallace  Clyde  Consulting  Engineer.  Water  Power 
and  Transmission.  Niagara  Falls, 
N.  Y. 

Johnson,  Warren  S.  Johnson  Electric  Service  Co..  120 
Sycamore   St.,   Milwaukee,  Wis. 

Johnson,  Woolsey  McAlpine  Electro-Metallurgist.  Orford 
Copper  Co.,    New  Brighton,  S.  I., 

N.  Y. 

Johnston,  Thos.  J.  Counsel  in  Patent  Causes,  66  Broad- 

way,   New  York  City. 

(19) 


Date  of  El«ctk>n. 
Jan.    22,  1896 

July    26,  1900 

Nov.  22,  1899 
Dec.     7,  1886 

Sept.  20.  1893 
Nov.  22,  1899 

April  22,  1896 
Dec.    20,  1893 

Nov.  23,  1898 

Oct.   25.    1901 

Dec.  27,  1899 
May  21,  1901 

May  16,  i89f 
May  15,  1900 
Mar.    22,  1899 

Mar.  22,  1901 
Sept.  27,  1901 

Mar.  28,  1902 
May    16,  1899 
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ASSOCIATES. 


Nama. 

Johnston,  W.  J. 


Jones,  Arthur  W. 
Jones,  Forrest  R. 

Jones,  Fred  Atwood 

Jones.  G.  H. 
Jones,  Henry  C. 

Jones,  M.  E- 
JosLYN,  Howard. 


JUDSON,  Wm.  PIERSON 
JUNKERSFELD,  PeTKR 

Kammerer,  Jacob  A. 


Address. 

President,  The  Bngineerinq  and  Miu' 
ing  JourncU,  261  Broadway,  New 
York  City. 

Managing  Director,  Australian  Gene- 
ral Electric  Co.,  EquiUble  BIdg., 
Melbourne,  Australia. 

Professor  of  Drawing  and  Machine 
Design,  Worcester  Polytechnic  In- 
stitute, residence,  3  State  St.,  Wor- 
cester, Mass. 

Consulting  Electrical,  Mechanical  and 
Flydraulic  Engineer,  Room  204 
Kiam  Building,  Houston,  Texas. 

Agent,  General  Electric  Co.,  Casilla 
1317  Santiago,  Chile. 

Member  of  Firm,  the  Electric  Construc- 
tion and  Supply  Co.,  Montgomery, 
Ala. 

Chief  Engineer,  St.  Lawrence  State 
Hospital,  Ogdensburg,  N.  Y. 

Assistant  Engineer.  Snoqualmie  Falls 
Power  Co.,  507  Pioneer  Bldg,  Seat- 
tle, Wash. 

JuDSON,  Hanford  Chase    Assisunt  Engineer,  General   Elec- 
tric Co.,  Dobbs  Ferry.  N.  Y. 

Deputy  State  Engineer,  of  New  York, 
Albany ;  residence,  Oswego,  N.  Y. 

Assistant  to  Mechanical  Engineer. 
Chicago  Edison  Co.,  139  Adams 
St  ;  residenoe,  114  South  Austin 
Boulevard,  Austin,  Chicago,  111. 

General  Agent,  The  Royal  Electric 
Co.;  residence,  87  Jameson  Ave., 
Toronto.  Ont. 


Kebler,  John  Leonard  Vice-President  Ward- Leonard  Elec- 
tric Co.,  Lawrence  Park,  Bronxville, 
N    Y. 


Keeper,  Edwin  S. 
Keilholtz,  P.  O. 

Keller,  Carl  A. 
Keller,  E.  E. 

(17) 


Supt.  of  Electric  Light  Construction, 
Western  Electric  Co.,  463  West  St., 
New  York  City;  residence,  Eliza- 
beth, N.  J. 

General  Manager,  United  Electric 
Light  and  Power  Co.,  andCnief  En- 
gineer, United  Railways  and  Electric 
Co..  Continental  Trust  Building, 
Baltimore,   Md. 

With  J.  G.White  &  Co.,  Little  Rock. 
Ark. 

Vice-President  and  General  Manager, 
Westinghouse  Machine  Co  ,  Pitts- 
burg, Pa.; 


Date  of  ElectM». 
April  15,  ZB84 

Oct.     17,  1894 

May    20,  1890 

Jan.  24,  1902 
April   17,  189s 

Mar.  20,  1895 
Oct.     27,  1897 

May  17,  1898 
Apr.  25,  1902 
June      8,  1887 

Oct.  25,  1901 
April  28,  1897 
May    21,  1901 

April   18,  1894 

Mar.  21,  1893 
Sept.  27.  1901 

Sept.  20,  1893 
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Name.  Address, 

Kbllogg,  Jamrs  W.,  M.E.  Manager  Marine  Sales,  General 
Electric  Co.;  residence,  lO  Front 
St..  SchenecUdy,  N.  Y. 

Kelly,  John  F.  The   Stanley  Electric  Co.;  residence, 

284  West  HousatonicSt.,  Pittsfield, 
Mass. 

Kelsey,  James  Cezanne  Purdue  University,  Lafayette.  Ind. 

Electrical  Engineer,  Central  District, 
American  Can  Co.,   May  wood.  111. 


Kennedy,  A.  P. 

[Life  Member.] 

Kennedy,  Jeremiah  J. 
Kent,  James  Martin 

Ker,  W.  Wallace 
Kerr,  Samuel  Ross 


Consulting  Engineer,  52  Broadway, 
New  York. 

Instructor  in  Steam  and  Electricity, 
Manual  Training  High  School, 
Kansas  City,  Mo. 

Instructor  of  Electricity,  Hebrew 
Technical  Institute,  36  Stuyvesant 
St.,  New  York  City.  Residence,  626 
Pavonia  Ave..  Jersey  City,  N.  J. 

Testing  Department,  Bullock  Electric 
Mfg.  Co.;  residence.  Cor.  Norwood 
Ave.  &  Marion  St!,  Norwood,  Ohio. 

Kershner,  Jefferson  E  Consulting  Engineer,  The  Lancaster 
County  R.  &  L.  Co.,  445  W.  Walnut 
St.,  Lancaster,  Pa. 


KiER,  Samuel  Martin 

King.  Harry  R. 
King,  Vincent  C,  Jr. 

Kinsley,  Carl 
KiNTNER,  Charles  Jacob 


Electrical  Engineering Dept., Westing- 
house  E.  &  M.  Co.;  residence,  5904 
Elgin  Ave.,  Pittsburg,  Pa. 

Electrical  Engineer,  Western  Electric 
Co.,  259  S.  Clinton  St.,  Chicago.  HI. 

With  V.  C.  &  C.  V.  King,  517  West 
St.;  residence,  no  East  i6th  Street. 
New  York. 

Quadrangle  Club,  Chicago,  111. 

Solicitor  of  Patents  and  Expert,  45 
Broadway;  residence,  36  E.  29th  St.. 
New  York  City. 

KiNTNER,  Samuel  Montgomery  Professor  of  Electrical  En- 
gineering, Western  University  of 
Pa.;  residence.  1916  Perryiville 
Ave.,  Allegheny, Pa. 

Professor  at  the  Technical  High  School, 
Darmstadt,  Germany. 

Electrical  Engineer,  817  Wainwright 
Bldg,  St.  Louis,  Mo. 

Klinck  and  KodjbanofF,  5  So.  9th  St 
Reading,  Pa. 

Engineering  Student,  Stanley  Electric 
Mfg.  Co  ;  residence.  Beech  Grove 
Inn,  Pittsfield,  Mass. 

District  Engineer,  Westinghouse  E. 
and  M.  Co.,  San  Francisco,  Cal. 


KiTTLSR,  Dr.  Erasmus 
Klauder,  Rudolph  H. 
Klinck,  J.  Henry 
Kline,  James  Joseph 


Knight,  Percy  Henry 

Knox.  Frank  H. 
(ai) 


Engineer,  Spartanburg  Railway,  Gas 
&  Electric  Co. ,  Spartanburg  S.  C. 


Date  o  Election 
June    26,  189X 

May  16,  1899 
Nov.  23,  1900 

Apr.  26,  1899 

July    26,  1900 

July    26,  1900 

Sept.  25,  189s 

Jan.    3,   1902 

Jan.    3,    1902 

Jan.  24,  T902 
Nov.  22,  1901 

Aug.  5,  1896 
May    18,  1897 

Feb.  28,  1902 

Feb.  28,  1902 
Dec.  16,  1896 
Aug.  13.  1897 
Jan.     16,  1895 

Jan.  3,  1902 
Mar.  28,  1902 
June   20,  1894 
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Name.  Address. 

Knox,  Gko.  W.  2329  Magnolia  Ave,  Chicago,  III. 

Knox,  S.  L.  G.  Manager  and  Chief  Engineer,  Bucyrus 

Co.,  South  Milwaukee,  Wis. 

Editor  and  Publisher,  IVestem  Elec^ 
trician,  510  Marquette  Building, 
Chicago,  III. 

Designing  jvnginecr,  General  Electric 
Co.;  residence,  16  Union  Street, 
Schenecudy,  N.  Y. 

Manager,  Sunlight  I^va  Mfg.  Co.,  31 
Market  Square;  residence,  12  B  St., 
Chattanooga,  Tenn. 

Lapore,  John  Armand    Electrical  Engineer,  Overbrook,  Pa. 

Lamb,  Francis  Joseph  Electrical  Engineer,  Lamb  &  Co.,  cor. 
Kent  and  Lyon  Sts.,  Grand  Rapids, 
Mich. 


Kreidler,  W.  a. 


Kruesi,  August  H. 


Kruesi,  Paul  John 


Chief  Engineer,  Brooklyn  Dock  and 
Terminal  Co.,  and  the  Brigantine 
Trolley  Co.,  136  Liberty  St.:  resi- 
dence, Waterwitch  Park,  Highlands, 
N.J. 

Sec'y  and  Treas.,  LA.  Weston  Co., 
residence,  102  Ilighland  Ave.,  Syra- 
cuse. N.  Y. 

Board  of  Patent  Control,  120  Broad- 
way, New  York  City. 

Assistant  Professor  of  Electrical  Engi- 
neering, Iowa  State  College,  Ames, 
Iowa. 
Lanphier,  Robert  Carr,  Superintendent  and  Electrician, 
Sangamo  Electric  Co.,  Springfield, 
111. 

Lansingh,  Van  Rensselaer  Electrical  and  Illuminating  Engin- 
eer, 18  E.  Adams  St.;  residence,  5329 
Kimbark  Ave.,  Chicago,  III. 


Lamb,  Richard 

Land,  Frank,  M.  E. 

LAN  MAN.  William  H. 
Lanphear,  Burton  S. 


Latham  Harry  Milton 
Lawrence,  Wm.  G. 

Lawrence,  W.  H. 

Layton,  (Jokdon 

LeBlanc,  Charles 
Lkblanc,  Mai'kice 

(19) 


With  American   Steel  and  Wire  Co., 
Worcester,  Mass. 

Manager  of  Light  and  Power  Depart- 
ment, Town  of  Hudson,  Hudson, 
Mass. 

Assistant  Superintendent,  Second  Dis- 
trict. The  New  York  Edison  Co., 
4g  West  261  h  St..  New  York, 
N.  Y. 

Klectrical  Knjjineer,  Hritish  Westing- 
house  K.  &  M.  Co.-  residence,  48 
Lancaster  Park,  Richmond,  England. 

Engineer,  7  Rue  Meyerbeer,  Paris, 
France. 

Consulting  Electrical  Engineer,  West- 
inghouse  Electric  and  M'f'g  Co.; 
residence,  Villa  Montmorency,  Paris, 

France. 


Date  of  RlectiMi. 
Nov.    18,  1896 

Nov.  83,  1898 

Oct.   4.  1887 

Jan.  9,  1901 

Oct.  as,  1901 
May  15.  1900 

Jan.  3,  1902 

Dec.  18,  189s 

Sept.  2a,  1 891 
June  6,  1893 

Jan.  16,  189s 
Nov.  22,  1 901 

Aug.  23,  1899 
Dec.  16,  1896 

Feb.  a8,  1900 

April  26,  1899 

Jan.  3,  1902 
April  17,  189s 

Apr.  as,  190a 
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Name.  Address.  Date  of  Election. 

LbClear,  Gipford,  Electrical  and  Mechanical  Eng^ineer, 

Partner  Densmore  &  Lc  Clear,  15 
Exchange  Street,  Boston,  Mass.; 
residence,  Cambridge,  Mass.  Oct.     27,  1897 

LkConte,  Joseph  Nisbet    Instructor  in  Electrical  Engineering, 

State  University.  Berkeley,  Cal.  Feb.    27,  1895 

Lbdoux,  A.R.,  M,  5.,  Ph.D.,  President  of  Ledoux&  Co.(inc.), 
99  John  St.,  residence,  39  W.  50th 
St.,  New  York  City.  Dec.      7,  1886 

Lee,  Francis  Valentine  T.  Engineer,  (Pacific  Coast  Dept.> 
Stanley  Electric  MTg.  Co.,  33  New 
Montgomery  St.,  San  Francisco, 
Cal. 

Lee,  John  C.  Chemist    and    Electrician,    American 

Telephone  &.  Telegraph  Co.,  Boston. 
'  residence.    Mount  fort   St.,     Long- 

wood,  Brookline,  Mass. 

Leeds,  Norman  Electrical    Engineer,    National    Cash 

Register  Co.,  Dayton,  Ohio. 

Leeds,  Morris  Evans  Managing  Member  of  the  firm,  Morris 
E.  Leeds  &  Co..  259  North  Broad 
St.;  residence.  3221  N.  17th  St., 
Philadelphia,  Pa. 

Leitch,  Howard  Wallack  Switchboard  Regulator.  The 
Edison  Elect.  Illuminating  Co.,  res- 
idence, 373  Madison  St.,  Brooklyn, 
N.  Y. 

Letheulb,  Paul  Electrical  Engineer,  Commissioned  by 

French  Government,  52  Rue  de 
Clichy.  Paris,  France. 

Lewis,  Henry  Frederick  William,  25  College  Hill  Cannon 
St.,  London,  England. 

LiBBY,  Samuel  Byington  Richmond  Borough  Equipment  Co., 
395  Richmond  Terrace,  New  Bright- 
on. N.  Y.  Feb.    23.  1898 

LiLLBY,  L.  G.  Electrician,   The    Cincinnati    Under- 

writers' Association  S.  VV.  Cor.  3d 
and  Walnut  Sts.,  Cincinnati,  O.; 
residence,  Wyoming,  O.  June   20,  1894 

LiLLiBRiDGE,  Ray  D.  2o  Bfoad  St.,  New  York  City.  Jan.  24,    1902 

Lindsay,  Robert  General  Supt.  The  Cleveland  Elcc.  III. 

Co.,  717  Cuyahoga  Building,  Cleve- 
land, Ohio.  April  27.  1898 

Lisle,  Arthur  Bk/mer  General  Representative,  Narragansett 
Electric  Lighting  Co.,  Box  1223, 
Providence,  R.  I.;  residence,  East 
Greenwich,  R.  I.  Jan.  .9,   1901 

LrnxB,  C.  W.  G.  Engineering     Manager,    The  British 

Electric  Traction  Co..  Ltd.,  Don- 
ington  House,  Norfolk  St.,  Strand, 
W.  C.,  London  ;  residence,  4  Mount 
Adon  Park,  Dulwich.  S.  E.,  Eng.        April  22,  189^^ 


Mar. 

23. 

1898 

Mar. 

18. 

1890 

Feb. 

28, 

1 901 

Apr. 

26, 

1901 

Nov. 

23. 

1898 

May 

17. 

1898 

Mar. 

5, 

1889 

(16) 
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Name.  Address. 

Livingston,  Johnston  Jr.  The  United  Engineering  tnd  Con- 
tracting Co.,  13  Park  Row,  New 
York  City. 

LxvsEY,  J.  H.  Salesman  and  Manager  Detroit  Office 

General  Electric  Q>.,  704  Chamber 
of  Commerce,  Detroit,  Mich. 

I.LOYD,  Edward  William  Assistant  Superintendent  of  Con- 
struction, Chicago  Edison  Co.,  139 
Adams  St.,  Chicago. 

Office  Engineer,  V.  M.  Braschi  & 
Bro.,  Apartado  No.  830.  and  Calle- 
Cadera  No.  2,  Mexico  City,  Mexico. 

Supt.  Max  Osterberg,  11  Broad- 
way; residence,  100  St.  Nicholas 
Ave.,  New  York  City. 

With  Bion  J.  Arnold,  711  Transit 
Building,   New  York  City. 

Sec'y  and  Treasurer,  The  American 
Machine  Telephone  Co.,  Ltd., 
Piqua,  O. 


LoBO.  Gu stave 

Loewbnthal,  Max 

lohmann,  r.  w. 
LoRiMER,  Geo.  Wm. 


Date  of  Slectlon. 

May  17,  189s 

April  35,  1900 

Feb  98.  1902 

June  38,  1 901 

Mar.   93,  1898 
Not.  23,  1898 

Aug.  .  5»  T896 

Feb.    23,  189S 
April  28,  1897 


Louis,  Otto  T.  Manager  of  New  York  Branch.  Queen 

&  Co.,  Inc.;  residence,  340  East 
119th  St.,  New  York  City. 

LoVBjOY,  D.  R.  Electrical    Engineer,     c/o     Cataract 

Chemical  Co.,  Niagara  Falls,  N.  Y. 

Low,  George  P. .  Editor    and    Proprietor,   Journal   of 

Electricity^  Power  and  Gas^  320 
California  St.,  San  Francisco.  Cal.      Jan.     17,  1893 

LowsoN,  Pavh)  Electrical    Inspector,    Department    of 

Electricity,  lyai  Park  Row  Build- 
ing: residence,  35  W.  I32d  St.,  New 
York  City. 


LowTHER,  Christopher  Meyer,  Sales  Engineer  Crocker- 
Wheeler  Co..  New  York;  residence, 
168  Arlington  Ave.,  East  Orange, 
N.J. 

LuDViGSKN,  Hans  Valdemar  Electro-Chemical  Engineer, 
Blaagaardsgade  17,  Copenhagen; 
residence.  Straudvejen  116,  Helle- 
rup,  Denmark. 

Lukes,  George  Holt  Night  Operating  Superintendent, 
Chicago  F'dison  Co.,  139  Adams  St., 
Chicago,  111. 


Lundell,  Robert 

LuNOiE,  John 
Lyford,  Oliver  S.,  Jr. 


Electrical  Engineer,  !>27  W.  34th  St., 
residence,  9  W.  68th  St.,  New  York 
City. 


Consulting  Engineer,   52 
New  York  City. 


100 


Broadway. 
Broadway, 


Electric   Boat    Co., 
New  York,  N.  Y. 

Lyman,  Chester  Wolcott.  M.  A.  Assistant  to  President  In- 
ternational Paper  Co.,  30  Broad  St., 
residence.  University  Club,  New 
York,  N.  Y. 

(18) 


Feb.  28.   1902 

Nov.  23,  1900 

Nov.  22,  1901 

Oct.   25,  1901 

Feb.  7,  1890 
Nov.  22,  1899 
Apr.    26.  1899 

Sept.  a9,  1894 
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Lynn,  Wm.  A. 

Lyons,  Josbph, 
Macartnky,  John  F. 


Nam*.  Address. 

Lyndon,  Lamar  Consulting  Electrical  Eng^ineer,  Park 

Row  Building  (Telephone,  1650 
Cortlandt);  residence,  243  W.  98th 
St.,  New  York  City. 

Instructor  in  Electrical  Engineering, 
University  of  California,  Berkeley, 
Cal. 

Patent  Solicitor,  with  Gustav  Bissing 
908  G.  St.,  Washington,  D.  C. 

Managing  Director,  Macartney,  Mc- 
Elroy  &  Co.,  LVd.,  53  Victoria  St.. 
London,  Eng. 

MacCalla.  Cufpord  Sherron  Assistant  Electrical  Engineer, 
N.  S.  W.  Government  Tramways 
Contract,  General  Electric  Co., 
Equitoble  Bldg..  Sydney,  N.  S.W. 

MacFadden,  Carl  K.       ConnultiDg  Engineer.  Geneva,  Ind. 

MacGregor,  Willard  H.  Westinghouse  Electric  &  Mfg.  Co., 
120  Broadway  ;  residence,  30  West 
24th  St.,  New  York  City. 

MacLbod,  George  [Address  unknown.] 

Macombbr,  Irwin  John  Professor  of  Electrical  Engineering 
Armour  Institute  of  Technology, 
residence,  422  34th  Street,  Chicago, 
111. 

Electrical  Engineer,  Director,  der 
Union  Elektricitats  Gesellschaft, 
Grosse  Quer  Allee  i.,  Berlin,  Ger- 
many. 

Works  Engineer,  Canadian  General 
Electric  Co.,  Peterborough,  Ont. 

Electrical  Engineer,  Ref.  Dept.,  Ana- 
conda Copper  Mining  Co.,  Ana- 
conda, Mont. 

Engineer  General  Electric  Co.,  44 
Broad   St.,  New  York  City. 


Mageb,  Louis  J. 

Magie,  Louis 'DeWitt 
Magnus,  Benjamin 

Mahonby,  James  J. 
Make,  Hbiichirq 
Mansfield,  R.  H.  Jr., 
Marburg,  Louis  C. 
Marsh,  Chas.  J. 

Marsh,  Harry  Bowman 
Marshall,  Cloyd,  E.  E, 
(19) 


Chief  Engineer,  Hoshyu  Traction  Co., 
Beppu,  Oitaken,  Japan. 

Eastern  Manager  of  the  Cutler-Ham- 
mer Mfg.  Co.,  Westfield,  N.  J. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.   /. 

General  Manager,  Eastern  and  North- 
eastern Sales  Departments,  Standard 
Underground  Cable  Co.,  56  Liberty 
St.,  New  York  City. 

Secretary,  The  Sanborn  &  Marsh 
Electric  Co.;  residence,  1131  North 
Illinois  St.,  Indianapolis,  Ind. 

Engineer,  C.  W.  Hunt  Co.;  resi- 
dence, 98  Richmond  Terrace.  West 
New  Brighton,  S.  I.,  N.  Y. 


Date  of  Election. 

« 

Sept.  27,  1901 

Jan.   25,  i8q9 
June  24,  Z898 

May    16,  1899 


June   28,  1901 
Sept.  27,  1892 

Jan.    20,  1897 
Aug.     5,  1896 


Mar.  28,  1900 

April  2,  1889 
Sept.  27,  1901 

Jan.  24,  1900 
May  17,  1898 
Aug.  5,  1896 
Sept.  28,  1898 
Feb.  28,  1902 

May  21,  1901 
Mar.  28,  1900 
April  25,  1900 
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Name.  Address.  Date  of  ElectiOB. 

Martin,  Frank  Electrician,  Dept.  Yards  and  Docks, 

New  York  Navy  Yard  ;    residence, 
234  Adelphi  Street,  Brooklyn,  N.  Y.     Oct.    21,  1890 

Martin  John  Agent,   Stonley   Electric    M'fg    Co.. 

33  New  Montgomery  St.,  San  Fran- 
cisco, Cal.  -         July    27,  189S 

Martin,  T.  Commerford  {Fast-President,)  Editor,  The  Elec- 
trical World  and  Engineer,  114 
Liberty  St.,  N.  Y.  City.  April  15,  1884 

Mason,  Hob  art,  ^.i5.,^.j?.  Graduate  Student,  Polytechnic 
Institute ;  residence.  432  Greene 
Ave.,  Brooklyn,' N.  Y.  June   28.  1901 

Masson,  Raymond  S.  Sunt.,  Independent  Electric  Light  and 
Power  Co.,  321  Market  St.,  San 
Francisco,  ^al.  Apr.    26,  1899 

Mather,  Eugenr  Holmes  Manager  Cumberland  III.  Co.  and 
Portland  Electric  Light  Co..  Port- 
land, Me.  April  28,  1897 

Matthews,  Charles  P.  Associate  Professor,  Electrical  En- 
gineering, Purdue  University,  resi- 
dence, Thornell  St.,  Lafayette,  Ind.     May    16,  1893 

Maxim,  Hiram  Percy  Engineer,  Vehicle  Motor  Department, 
Westinghouse  E.  &  M.  Co  ,  Pitts- 
burg,* Pa.  Jan.    3,    1902 

Maxwell,  Eugene  c/o.    Snoqualmic    Falls  Power    Co., 

Seattle,  Wash.  Aug.     5,  1896 

Mauro,  Philip  Counsellorat-Law  in    Patent    Causes 

(Pollock    &    Mauro),    620   F.    St., 
Washington,  D.  C.  Dec.    21,  1892 

Mayer,  Maxwell  M.        Maxwell  M.  Mayer  Electric  Co.,  Elec-    * 
trical  Engineers  and  Mfrs.  of  Dyna- 
mos and   Motors,    216   Centre  St.; 
residence.  226  East  xi8th  St.,  New 
York  City.  Feb.   27,  1895 

McAllister,  Addams  Stratton  Assistant  in  Physics,  Cornell 
University;  residence,  106  Catherine 
St.,  Ithaca,  N.  Y.  Mar.  28,  1902 

McBerty,  Frank  R.  Telephone  Engineer,  Western  Electric 
Co.,  Chicago,  III. ;  residence,  Evans- 
ton,  III.  April  26,  1901 

McCartrr,  Robert  D.  Jr.  Electrical  Engineer,  General  Elec- 
tric Co.,  no  Cannon  St.,  London, 
E.  C.  May  16,  1899 

McCarthy.  E.  D.  McCarthy   Bros.    &  Ford,   45   North 

Division  St.;    residence,   382  West 
Ferry  Street,  Buffalo,  N.  Y.  Nov.    18,  1896 

McCarty.  Francis  Alexander  Electrical  Engineer,  Noyes 
Bros.,  Yaralla  Chambers,  109  Pitt 
St.,  Sydney,  Australia.  June  28.  1901 

McClenathan,  Robert  Mechanical  and  Electrical  Engineer, 
With  General  Electric  Co.,  Schcnec- 
tedy,  N.  Y.  May    16,  1899 

McCluer,  Chas.  p.  Wm.    R.    Trigg    Co.,    Shipbuilders. 

Richmond,  Va.  Apr.    2a»  1896 

(18) 
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Name.  Address. 

McClure,  William  J.  Associated  with  H.  D.  Brown,  Elec- 
trical Engineers  and  Contractors, 
residence,  259  West  52nd  St.,  New 
York  City. 

McClurg,  W.  a.  Manager,  Electrical  Dept.,  Plainfield 

Gas  and   Electric   Light   Co.,    217 
West  2d  St.,  Plainfield,  N.  J. 

McCoNAHSY,  William  M.  Electrical  Engineer,  British  West- 
inghouse  Electric  Mfg.  Co.,  Ltd., 
Trafford  Park,  Manchester,  Eng. 


McCrkary,  J.  L. 
McElroy,  James  F. 


Constructing  Engineer,  District  Rail- 
way Co.,  Mexico  City. 

Consulting  Engineer,  Consolidated 
Car  Heating  Co.,  131  Lake  Ave., 
Albany,  N.  Y. 

McGrath,  William  Henry  Electrical  Engineer,  with  Stone  & 
Webster,  93  Federal  St.,  Boston; 
residence,  27  Pleasant  St.,  Quincy, 
Mass. 


President,  McGraw  Publishing  Co., 
H4  Liberty  St.,  New  York  City; 
residence,  Madison.  N.J. 

Engineer,  Felzer  Manufacturing  Co., 
Pelzer,    S.  C. 

Assistant  Engineer,  Rapid  Transit 
Subway  Construction  Co.,  21  Park 
Row,  residence,  170  W.  59th  St  , 
New  York  N.  Y. 

Engineer,  Federal  Electric  Co.,  141 
Broadway,  New  York  City. 

Supt .  Overton  M'f  g.  and  Engineering 
Co..  Ill  E.  7th  St.,  Topeka,  Kan. 

Meadows,  Harold  Gregory  Associate  Engineer  (Elec.)  with 
Newcomb  Carlton,  109  White  Build- 
ing ;  residence,  238  Elmwood  Ave. , 
Buffalo,  N.  Y. 

ter  Meer,  Henry  Charles  Electrical  Engineer,  Eng.  Dept., 
New  York  Telephone  Co, ;  residence, 
930  Hudson  St.,  Hoboken,  N.  J. 

Meredith,  Wynn  ,  Electrical  Engineer,  Benjamin,  Hunt, 
and  Meredith,  331  Pine  St.,  San 
Francisco,  Cal. 


McGraw,  James  H. 

McKissiCK,  A.  F. 
McLain,  Ralph  Clapp 

McLlMONT,  A.  W. 
McVay,  H.  D. 


Merrill,  E.  A. 


Merrill,  Joseph  F. 


Merrill,  Josiah  L. 


Mbrz,  Chas.  H. 


(i8) 


Manager,  New  York  Office,  Mcintosh, 
Seymour  &  Co.,  26  Cortlandt  St., 
New  York  City. 

Professor  of  Physics  and  Electrical 
Engineering,  University  of  Utah, 
Salt  Lake  City,  Uuh. 

Electrical  Engineer,  c/o.  General 
Railway  Supply  Co.,  Park  Bldg, 
Pittsburg,  Pa. 

28  Victoria  St.,  Westminster,  Lon- 
don S.  W.,  and  z  Mosley  St..  New 
castle-on-Tyne,  England. 


Date  of  Election. 

Apr.  25,  1900 
Dec.    20,  1893 

Sept.  27,  1 901 
Feb.   28,  1900 

Nov.   15,  1892 

Mar.  28,  1902 

Sept.  27,  1901 
Feb.    16,  1892 

Aug.  23.  1899 
July  26,  1900 
Feb.    28,  1900 

Sept.  23,  1896 
Feb.  28.  1901 
Jan.  17,  1893 
Sept.  20,  1893 
May  21,  1901 
Sept.  25,  1895 
Sept.  25.  189s 
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Name. 
Meyer,  Hans  S. 

Meyer,  Julius 


AddKia. 
£lectrical  Engineer,    Alleestrftssc  7D 
Hannover,  Germany. 

Consaltins:  Engineer,  115  Broadway, 
Room  124,  New  York  City. 

MiDDLBTON,  A.  Center  General  Electric  Co.,  420  W.  4th  St., 
Cincinnati,  O. 

Miles,  J.  Walter  Electrical    Engineer,     Wescinghouse 

Electric  and  MTg  Co.,  Irwin,  Pa. 

Miller,  Alphonsus  Joseph  Laboratory  Assistant,  Western 
Electric  Co.,  463  West  St.;  resi- 
dence, 161  Newark  St.,  Hoboken, 
N.J. 

MiLLKR,  DwicHT  Dana  Salesman.  Westinghouse  Electric  and 
MTg  Co.,  120  Broadway,  New 
York  City;  residence.  Upper  Mont- 
clair,  N.  J. 

Miller,  George  £.  Assistant  to  2d  Vice-President,  Wes- 

tinghouse   E.  &   M.  Co.;  residence, 
4911  Centre  Ave.,  Pittsburg,  Pa. 

Electrical  Engineer,  Diehl  Mfg.  Co.; 
residence,  1025  £.  Jersey  St., 
Elizabeth,  N.  J. 

Engineer  Kellogg  Switchboard  and' 
Supply  Co.,  Congress  and  Green 
St.,  residence,  2060  KenmoreAve., 
Chicago,  111. 

Manager  Record  Dept.  (Phonograph), 
with  Thomas  A.  Edison;  residence, 
28  Mt.  Vernon  St.,  Orange,  N.J. 

Miller,  Wm.  C,  Af.  S.  Electrical  Engineer,  3  South  Hawk 
St.,  Albany,  N.  Y. 


Miller,  Herbert  S. 


Miller,  Kempster  B. 


Miller,  Walter  H. 


MiSAKi,  Seizo 


Mitchell,  Sidney  Z. 


Monratii,  Gustave 


Chief  Engineer  and  Superintendent 
Hanshin  Elec.  Railway  Co.,  Nishi- 
nomiyo.  Hiogo  Ken,   Japan. 

Manager,  Portland  Office,  General 
Electric  Co.  J  Worcester  Building, 
Portland,  Ore. 

Engineer  and  Superintendent,  Grace 
and  Hyde  Engineering  Co.,  7  £• 
42d  St.,  New  York  City. 

Montagu,  Ralph  Lechmere  Continental  Gold  Dredging  Co., 
Oroville,  Cal. 

Moody,  Virginius  Daniel  General  Electric  Co.;  residence, 
427  Smith  St.,  Schenectady,  N.  Y. 

Moore,  John  Peabody  Engineering  Department,  General  El- 
ectric Co.,  Box,  389,  Schenectady, 
N.  Y. 

Mora,  Mariano  Luis  General  Electric  Co.,  44  Broad  St., 
New  York  City. 

x8 


Date  of  Electioa 
July    27,   l8«9 

Oct.    95«  189* 

May    16,  1899 

April  25,  1902 

Mar.  28,  X902 

Apr.  25,  1902 
Feb.  28,  1903 
Mar.  92.  1899 

Sept.  28,  1898 

Sept.  27,  1901 
Oct.    21,  1890 

Dec.  27,  1899 

Not.   12,  1889 

Apr.  26,  1901 
Feb.    26,  1896 

Dec.  27.  1899 

Apr.  2$,  1900 
Mar.   20^  1895 
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MoRDEY,  Wm.  Morris 


Address. 
Consulting  Electrician,  82  Victoria  St., 
Grosvenor  Mansions.  Westminster, 
London,  Eng. 

Engineer,  Union  Carbide  Co.,  157 
Michigan  Are.,  Chicago,  111. 

Morehouse  and  Morrill.  General 
Electric  Installation  and  Contract- 
ing Work,  Apartado  No  44,  Quez- 
altenango,  Guatemala,  C.  A. 

Engineer,  Purchasing  Dept.,  Edison 
Electric  Illuminating  Co.,  3  Head 
Place;  residence,  25  St.  Cecilia  St., 
Boston,  Mass. 

General  Supt.,  The  Youngstown  & 
Sharon  Street  Railway  Co.;  resi- 
dence. Phelps  St.,  Youngstown,  O. 

City  Electrician,  City  Hall,  residence, 
1702  Locust  St.,  Kansas  City,  Mo. 

Sup't  Hatzel  &  Buehler,  114  5th  Ave., 
New  York  City. 

Morrill,  Edward  Francis  Engineering  Department,  The  New 
York  and  New  Jersty  Telephone 
Co.,  81  Willoughby  St  ;  residence, 
18  Willoughby  Ave.,  Brooklyn,  N.Y. 


morehrad,  j.  m. 
morxhousb,  h.  h. 

Morgan,  Carl  Leon 

Morgan,  Godfrey 

Morgan.  Jacque  L. 
MoRLEY,  Edgar  L. 


Morrison,  J.  Frank 


Manager,  The  Northern  Electric  Co. 
15  South  St.,  Baltimore,  Md. 


Morrison,  William  James,  Jr.  Stock  Broker,  Consolidated 
Exchange,  60  Broadway,  New  York 
City;  also  Experimental  Electro- 
chemistry, Ridgefield  Park.  N.  J. 

Mortimer,  James  D.  Instructor  in  Electrical  Engineering, 
University  of  California,  Mechanics* 
Building,  Berkeley,  Cala. 

Mortland,  James  A,  Sergeant  12th  Co.,  U.  S.  V.,  Signal 
Corps,  Official  Photographer,  3d 
Army  Corps,  Montezuma,  Iowa. 

Morton,  Henry,  Ph.D,  President  of  Stevens  Institute  of  Tech- 
nology, Hoboken,  N.  J. 

Moschkowitsch,  Meers  S.  Preobrajenska,  53,  Odessa,  Rus- 
sia. 

MosBS,  Percival  Robert,  E.  E.  Electrical  Engineer,  35  Nassau 
St.:  residence,  46  West  97th  St., 
New  York  City. 

M0S8CROP,  Wm.  A.,  il/.-ff  Electrical  Engineer,  47  Brevoort 
Place.  Brooklyn,  N.  Y. 

MUDGB,  Arthur  Langley  Electrical  Engineer,  Sunley  Electric 
Mfg.  Co.,  Pittsfield,  Mass. 

Mulligan,  Walter  Lyon  Assistant  Manager,  United  Electric 
Light  Ca,  Box  812  Springfield, 
Mass. 


MULLIN,  E.  H. 


(19) 


General  Electric  Co.,  44  Broad  St., 
residence,  i  West  102nd  Street, 
New  York,  N.  Y. 


Date  of  Election. 

Sept.  32,  1891 
Mar.  28,  1900 

Feb.  21,  1894 

Jan.  24,  1902 

Oct.  25,  1901 
Jan.  26,  1898 
Sept.  25,  1895 

Feb.  28,  1902 
April  15,  1884 

Sept.  27,  1901 

Mar.  28,  1900 

Feb.  23,  1898 
May  24,  1887 
Jan.  9,  Z901 

Dec.  19,  1894 
May  7»  1889 
Mar.  22,  190X 

Feb.  28,  1902 

May  x6,  1899 
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Murphy,  Edwin  J. 


MiKPHY,  Gkokgk  R. 

Murphy,  John  McL. 
Murray,  Thos.  E. 

Namba,  M. 
Naphtaly,  Sam  L. 

Neilson,  John 

Nksbit,  Joseph  Nkwton 

Neurath,  Morris  M. 
Newbury,  F.  J. 


Address. 
Assistant  Engineer,  General   Electric 
Co. ;  residence,  28  Atlantic  Terrace, 
Lynn,  Mass. 

Engineer,  Operating  Dcpt.,  The  Elec- 
tric Storage  Battery  Co. ;  residence, 
65  W   93d  St..  New  York  City. 

[Address  unknown.] 

Second  Vice-President  and  General 
Manager,  New  York  Edison  Co., 
55  Duane  St.,  New  York  City. 

Professor  of  Electrical  Engineering, 
University  of  Kioto,  Kioto,  Japan. 

Asst.  Engineer,  San  Francisco  Gas  & 
Electric  Co.,  229  Stevenson  St.; 
residence.  9404  Broadway,  San 
Francisco,  Cal. 

Larchmont,  N.  Y. 

Gray  Superintendent  Winding  Dept., 
Warren  Electric  Mfg.  Co.,  Plum  St. 
Sandusky,  Ohio. 


Electrical   Engineer,    A.   &   N. 
Co.,  165  Broadway,  N.Y. 


Mfg. 


Manager  Insulated  Wire  Department, 
John  A.  Roebling*s  Sons  Co., 
Trenton,  N.  J. 

Newell,  Frank  Clarence  Consulting  Electrical  Engineer, 
Westinghouse  Air  Brake  Co  ;  resi- 
dence, 526  Wallace  Ave.,  Wilkins- 
burg,  Pa. 

Newman,  Fred  Jacob  Electrical  Engineer.  Westinghouse 
Electric  and  Mfg.  Co  :  residence, 
337  Atwood  St.,  Pittsburg.  Pa. 

MuKPHY,  Edwin  J.  Assistant  Engineer,   General  Electric 

Co. ;  lesidence,  28  Atlantic  Terrace, 
Lynn,  Mass. 

Nichols,  Louis  Charles  Electrical  Engineer.  The  Converse 
Transformer  Co.;  residence,  421  S. 
Highland  Ave.,  Pittsburg,  Pa. 

Nicholson,  Samuel  L.  With  Westinghouse  Elcc.  &  M*fg. 
Co.,  120  Broadway,  New  York; 
residence,  820  President  St.,  Brook- 
lyn, N.  Y. 

NiEsz,  Homer  Eldrrdge  Assistant  to  General  Superintendent. 
Chicago  Edison  Co.,  139  Adams 
St.;  residence,  Hyde  Park  Hotel, 
Chicago,  III. 

NiMis,  Albert  A.  Electrical  Contractor,  Nimis  &  Nimis, 

50  East  5th  Street,  St.  Paul,  Min. 
and  N.  E.  cor.  82d  St.  &  Lexington 
Ave.,  N.  Y.  City. 

Nock,  Geo.  W.  General    Manager,   H.   D.  &   H.   H. 

R.  R.,  Danbury,  Conn. 

DE  Nordwall,  Charles  Flesch,    Manager  of  the  Export  De- 
partment,    Allgemeine  Elektricitats- 
Gesellschaft,   22    Schiffbauerdamm, 
Berlin,  N.  W.  Germany. 
(19) 


Dauof  glecrion. 
Mar.   aS,  1904 

Apr.  25,  1902 
Oct.   26.  1898 

May  21,  1901 
Apr.    26,  1899 

Aug.  «3,  1899 
May    18,  1897 

Nov.  22,  1901 
Feb.    26,  1900 

Sept.  23,  1896 

Jan.  3,  1902 
Sept.  27,  1901 
Mar.  28,  190a 
Feb.  28,  1902 

July    26.  1900 

Oct.  25,  1901 

Aug,  13,  1897 
Aug.    5.  1896 

Sept.  27,  1892 
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NoRTHRUP,  Edwin  Fitch  Chief  Engineer  (Electrical),  Rowland 
Telegraph  Co.;  Office,  710  North 
Howard  St.,  Baltimore,  Md.  Sept.  27.  1801 

NoxON,  C.  Per  Lee  Manufacturer,     High-Frequency     X- 

Kay  Apparatus,  Dynamos  and 
Motors,  500  East  Water  Street, 
Syracuse,   N.    Y.  Oct.    17,  1894 

NUNN.  Richard  ].,  M.  D.  Physician,  5  York  St.  East,  Savan- 
nah, Ga.  July    la,  1887 

Nyhan,  J,  T.  Superintendent  and  Electrician,  Macon 

Electric  Light  and  Railway  Co., 
Macon,  Ga.  Feb.    37,  1895 

O'Brien,  Albert  Dallam  Assistant  N.  Y.  &  N.  J.  Telephone 
Co  ,  81  Willoughby  St.;  residence, 
17  Monroe  Place,  Brooklyn,  N.  Y.     Nov.  22,  1901 

Ockkrshausen,  H.  a.       Electrical  Engineer,  65  Madison  Ave., 

Jersey  City,  N.  J.  Sept.     6,  1887 

0*DoNOVAN,  Leo.  J.  Student,   Columbia   University ;  resi- 

dence, 302  W.  72d  St.,  New  York 
City.  Apr.    25,  1902 

Offinger,  Martim  Henry  Head  of  Electro-Mechanical  Dept., 
Buffalo  CommerciHl  &  Electro  Me- 
chanical Institute;  residence.  544 
Plymouth  Ave.,  Buffalo,  N.  Y.  Mar.  28,  1900 

Offutt,  Anderson.  ^.5., -£.£".  Assistant  Electrician,  South 
Eastern  Tariff  Ass*n.  Care  Under- 
writers Inspection  Bureau,  New 
Orleans,  La.  May  is,    1900 

Oi,  Saitaro  Chief  Engineer  to  the  Bureau  of  Posts 

and  Telegraphs.  The  Ministry  of 
Communications,  Tokyo,  Japan.  Dec   28,  1898 

Olivetti,  Camillo  Ingegnere  Industriale,  Ivrea,  Italy.  Oct.     17,  1894 

Oolgardt,  J.  J.  Electrical  Engineer,  ^Foreign  Dept.) 

General  Electric  Co.;  residence, 
Edison  Hotel.  Schenectady,  N.  Y.     April  25,  1900 

Ormsbee,  Alex.  F.  Electrical  Engineer,   with  N.  Y.  and 

N.  J.  Telephone  Co.,  81  Willoughby 
.St. ;  residence,  183  Joralemon  St., 
Brooklyn,  N.  Y.  June   27,  189S 

Osborne,  Loyall  Allen  Manager  of  Works,  Westinghousc 
Electric  and  Mfg.  Co.,  Pittsburg, 
Pa.  Oct.     18,  189s 

Osborne,  Marshall  Engineer  in  charge  of  Contracts.  The 

British  Thomson-Houston  Co.,  83 
Cannon  St.,  London,  Eng.  April  25,  1900 

Ostbrberg,  Max,  E,E,,  AM.  Consulting  Engineer,  and  Elec- 
trical Expert,  Bowling  Green  Build- 
ing, New  York  City.  Jan.     17,  1894 

O'Suf.LiVAN,  M.  J.  Superintendent,  Electric  Light,  B.  &  O. 

R.  R.  Co.,  Sylvan  Ave.  near  Hazel- 
wood,  Pittsburg,  Pa.  Mar.  20,  1895 

Otten,  Dr.  Jan  D.  Director,    Batavia  Electrische    Tram- 

Maatschappij,  Van  Baerlstraat  80, 
Amsterdam,  Holland.  Nov.   18,  1890 

Page,  A.  D.  Assistant    Manager,    General  Electric 

Co.  Lamp  Works,  Harrison,  N.  J.       Jan.     19,  T892 

(19) 
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Palmer,  D.  Alonso 


Parke,  Roderick  J. 
Parker,  Herschel  C. 


Parkkr,  Lindsay  R. 


AddreM. 
Superintendent,    Com|>ania    Anonima 
de    Redes   Telefonicas    de    Ponce; 
Box  135,  Ponce,  Porto  Rico. 

CoDsultinjt:  Electrical  Enji^ineer,  409 
Temple  Bldg.,  Toronto,  Canada. 

Instructor  in  Physics,  Columbia  Uni- 
versity. New  York  City:  residence, 
21   Fort  Green  PI.,  Brooklyn,  N.  Y. 

Residence,  345  State  St.,  Brooklyn. 
N.  Y. 

Parkhurst,  Charlks  William  Superintendent  of  Electrical 
Department,  Cambria  Steel  Co., 
Johnstown,  Pa. 

Parmly  C.  Howard.  S.Af,,  E.E.  College  of  the  City  of  New 
York,  17  Lexington  Ave.;  residence, 
524  W.  114th  St.,  New  York  City. 

Parry,  Evan  Engineer,c/o.  H  F.  Parshall,  8  Princes 

St  ,  Bank;  residence.  Sunningdale, 
10  Fitzgerald  Ave..  Mortlake,  Lon- 
don, S.  W.,  England. 

Electrical  and  Mechanical  Design- 
ing and  Experimental  Woik,  129 
W.  srst  St  ,  residence,  31  E.  aist 
St..  New  York  City. 

Commercial  Engineer,  Supply  Dept. 
General  Electric  Co.,  44  Broad  St., 
New  York  City. 

Assistant  in  Electrical  Engineering 
Dept.,  Columbia  University;  resi- 
dence, 236  W.  55th  St..  New  York 
City. 

Patterson,   George  Washington.  Jr.      Junior  Professor  of 
,  Electrical   Engineering,    University 

of  Michigan,  814  South  University 
Ave.,  Ann  Arbor,  Mich. 


Parsell,  Henry  V.  A. 


Parshall,  August 


Parsons,  Isaac  Dayton 


Fatton,  Price  I. 

Pearson,  Fred'k  J. 
Peck,  Edward  F. 


The  Bartram,  33d  and  Chestnut  St., 
Philadelphia,  Pa. 

3841  West  63d  Place,  Chicago,  III, 

360  Pearl  St. ;  residence,  1246  Pacific 
St.,  Brooklyn,  N.  Y. 

Pierce,  Alfred  Lawrence  Superintendent,  General  Manager 
and  E  E.  Borough  Electric  Works; 
residence,  102  N.  Whittlesey  Ave. , 
Wallingford.  Conn. 

Consulting  Electrical  Engineer  to  the 
Consolidated  Gold  Fields  of  South 
Africa,  Ltd.,  Box  217,  Germiston, 
Transvaal. 

Electric  Signal  Inspector,  A.  T.  & 
S.  F.  Ry.,  809  Topeka  Ave.,  To- 
peka,  Kansas  ;  residence,  Cleburne, 
Texas. 


Peirce,  Arthur  W.  K. 


PbnDell,  Chas.  William 


Date  of  El«ctioa. 

Oct.    25,  1901 
July  a6,  1900 

April  19,  189s 
Sept.  27,  1901 

Sept.  27,  X901 

Feb.   21,  1893 

Sept.    25,  1895 

Nov.   12,  1889 
Oct.   a4»  1900 

Jan.  24,  1902 

Sept.  27,  1901 

Mar.  20,  1895 
July   27.  1898 

May    20,  1890 

Mar.  28,  1902 
June    27,  1895 

Nov.    22,  1899 


(17) 
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Namt.  Address. 

PiRKiNS,  Frank  C.  Electrical    Engineer,    126  Erie    Co. 

Bank,  65 ^   Prospect   Ave.,  Buffalo, 

N.  Y. 
Peticolas,  Shbrman  Goodwin     District    Electrical    Engineer, 

Wagner-Bullock  Electric  Mfg.  Go's., 

St.  Louis  and  Cincinnati. 


PiTTY,  Walter  M. 
PFBirpsR,  Alois  J.  J. 
Pfund,  Richard 

Phxlps,  Wm.  J. 

Pkilbrick,  B.  W. 


Superintendent  Fire  Alarm  Telegraph, 
Rutherford,  N.  J. 

Engineer,  22a  College  Hill,  London, 
£.  C,  England. 

Manager  New  York  Herald  Wireless 
Telegraph  Station,  Siasconset,  Nan- 
tucket, Mass. 

Manager,  The  Phelps  Co.,  Makers 
Hylo  Incandescent  Lamp,  33  State 
St.,  Detroit.  Mich. 

Electrical  Engineer  for  J.  J.  Astor, 
Rhinecliff,  N.  Y. 

Phillips,  Eugene  F.  President,  American  Electrical  Works, 
Phillipsdale,    R.  L 

Phillips,  Ellis  Laurimore  Engineer,  Westinghouse,  Church, 
Kerr  &  Co  ,  26  Cortlandt  St. ;  resi- 
dence, II  West  103d  St.,  New  York 
City. 

Phillips,  Leo  A.  Oakmore,  Pa. 

PiLLSBURY,  Chas.  L.  Consulting  Electrical   Engineer,   An- 

drus  Building.  Sec'y  State  Board  of 
Electricity,  Minneapolis,  Minn. 

PiRTLE,  Claiborne,  Sales  Agent  for  North  Carolina,  Gen- 

eral Electric  Co.,  Box  301,  Greens- 
boro, N.  C. 

PrrcHBR,  Frank  Henty  Chief  Engineer,  Montreal  Water  and 
Power  Co.,  62  Imperial  Building, 
Montreal,  P.  Q. 

PoiRiBR,  Alfred  E.  Manager,   N.   Y.  &  N.  J.  Tel.  Co., 

8  Erie  St.,  Jersey  City,  N.  J.;  resi- 
dence. 29  W.  2ist  St.,  N.  Y.  City. 

POMBROY,  William  D.  The  Bullock  Electric  Mfg.  Co., 
Cincinnati,  Ohio. 

POOLB,  Cecil  P.  Editor    American    Electrician^     114 

Liberty  St.,  residence,  163  W.  84th 
St..  New  York  City. 

Poole,  Charles  Oscar  Superintendent  Electrical  Dept..  Stan- 
dard Electric  Co.  of  California, 
Crocker  Bldg.;  residence,  452  Bryant 
St.,  San  Francisco,  Cal. 

Pope,  Henry  William  Acting  General  Manager,  Bell  Tele- 
phone Co.,  of  Buffalo  ;  residence, 
455  Richmond  Ave.,  Buffalo,  N.Y. 

Pope,  Ralph  Wainwright  Secretary  to  the  American  Institute 
of  Electrical  Engineers,  gs  Liberty 
St..  (Telephone,  2199  Cortlandt), 
New  York  City;  residence.  570 
Cherry  St.,  Elizabeth,  N.  J. 

Porter,  H.  Hobart,  Jr.  Sanderson  &  Porter,  31  Nassau  St., 
New  York;  residence.Lawrence,L.I. 
(ao) 


Date  of  EleetlM. 

Oct.    ^1,  1890 

Sept.  27,  1901 
May  16,  189s 
Jan.  B4,  1900 

April  18,  189s 

Mar.  25,  1896 
May  15,  1894 
July    13.  1889 

Mar.  28,  1901 
Mar.   SI,  1894 

Aug.    13,  1897 

Mar.   28,  1902 

June  28,  1901 

May  21,  190X 
Mar.  22,  1899 

Jan.      3.  x88l 

Jan,  24,  1900 
Mar.  23,  1898 

Junt  %,  X885 
Mar.  2St  1896 
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Pott,  Arthur  Henry  Consulting  Engineer,  with  Preece  & 
Cardew;  residence,  8i  Cornwall  Gar- 
dens, S.  W.,  Queensgate,  London, 
England. 

Potter,  Henry  Noel  510  West  23d  St.,  New  York  City: 
residence,  Orchard  Place,  Rochelle 
Park.  New  Rochelle,  N.  Y. 

Powell,  Edwin  Burnley  Meter  Tester.  The  New  York  Edi- 
son Co.,  55  Duane  St.,  New  York 
City. 

Powell,  Percy  Howard  iW.  i?.,  Bridgeport  Brass  Co.;  res- 
idence, 157  Coleman  St.,  Bridgeport, 
Conn. 

PowELSON.  Wilfred  Van  Nest,  Government  Inspector,  Elec- 
trical Appliances  ;  Lieutenant  U.  S. 
Navy,  Navy  Yard,  Brooklyn,  N.  Y. 

Pratt,  William  Hemmknway  Designing  Engineer,  General 
Electric  Co. ;  residence,  60  Eastern 
Ave  ,  Lynn,  Mass. 

Editor  the  EUcirical  Review,  13  Park 
Row,  New  York  City;  residence, 
223  Garfield  Place,  Brooklyn,  N.  Y. 

Works  Manager,  Union  Carbide  Co., 
residence.  625  Buffalo  Ave.,  Nia- 
gara Falls,  N,  Y. 

General  Electric  Co. ;  residence,  i  State 
St.,  Schenectady,  N.  Y. 

The  New  York  Edison  Co.,  New  York 
City  ;  residence,  868  Flatbush  Ave., 
(Flatbush  Statiori),;Brooklyn,  N.  Y. 

Marine  Electrical  Equipment,  39  Cort- 
landt  St.,  New  York ;  residence, 
Elmhurst,  L.  L,  N.  Y. 

Prosser,  Herman  A.  Manager,  De  Lamar  Copper  Refining 
Works,  Cartaret,  N.  J.;  residence, 
415  North  Broad  St.,  Elizabeth, 
N.J. 

PUPIN,  Dr.  Michael  L  Adjunct  Professor  in  Mechanics,  Co- 
lumbia University  ;  residence,  280 
North  Broadway,  Yonkers,  N.  Y. 

Radtke,  Albert  Aucustus  Instructor  of  E.  E.  and  Physics, 
R.  L  College  of  Agriculture  &  Me- 
chanic Arts,  Kingston,  R.  L 

Ramsey,  Harry  Nathan  Draughtsman,  with  Taylor  Signal 
Co.,  32  Wells  St.,  Buffalo;  residence, 
311  East  Henley  St.,  Clean.  N.  Y. 


Price,  Chas.  W. 


Price,  Edgar  F. 


Price,  Norman  L 


Prince,  J.  Lloyd 


Proctor,  Thos.  \.. 


Ranson,  Allen  Edward 


Randall.  John  E. 


Randolph,  L.  S. 


Engineer  and  Salesman,  Westing- 
house  E.  &  M.  Co.,  314  Occidentol 
Ave.,  Seattle,  Wash. 

Columbia    Incandescent    Lamp    Co., 
1910  Olive  St.,  St.  Ix>uis,  Mo. 

Professor  of   Mechanical  Engineering, 
Blacksburg,  Va. 


Date  of  Election. 

Nov.  22,  190X 

Sept.  19,  1894 

May  21,  1901 

Sept.  25.  189s 

Jan.  24,  1900 

Jan,  3,  1902 

Sept  19,  1894 

June  27,  1895 
Feb.  28,  190a 

Feb.  27,  1895 

April  18,  1894 

Jan.  26,  1898 
Mar.  18,  1890 
Mar.  28,  1902 
May  x6,  1899 

Jan.  3,  1902 
May  7,  1889 
Feb.  21,  1893 


(18) 
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Randolph,  Mbrvyn  Paul  District  Office  Manager,  Westing- 
house  £.  &  M.  Co.,  314  Occidental 
Ave.,  Seattle,  Wash. 

Electrical  Engineer,  AUg.  Elektricitats 
Gesellschaft,  Berlin,  Germany. 

Electrical  Engineer,  Thames  Electric 
Co.,  New  London,  Conn. 


Rathbnau,  Erich 
Raub,  Chas.  B. 


Ray,  Wiluam  D. 


Read,  Robert  H. 


DkRedon,  Constant 
Rbxd.  Chas.  J. 
Rbxd,  Harry  D. 


Reed,  Henry  A. 


Electrical  Engineer,  Detroit  Con- 
struction Co.,  1201  Chamber  of  Com- 
merce Building,  Detroit,  Mich. 

Patent  Attorney,  General  Electric 
Co.,  Schenectady,  N.  Y. 

von  Recklinghausen,  Max  With  Mr.  George  Westinghouse, 
510  West  23d  St.;  reiidence,  11  East 
24th  St.,  New  York  City. 

Consulting  Engineer.  [Address  un- 
known.] 

Electrician,  3313  N.  i6th  St.,  Phila- 
delphia, Pa. 

Superint*d*t  Bishop  Gutla  Percha  Co. , 
420  East  25th  St.,  New  York  City; 
residence.  88  North  9th  St.,  New- 
ark, N.  J. 

Secretary  and  Manager,  Bishop  Gutta- 
percha Co.,  422  East  25th  St.,  New 
York  City;  residence,  88  North  9th 
St.,  Newark,  N.  J. 
Reed,  Walter  Wilson  Electrical  Engineer  in  charge  of  the 
electrical  work  of  new  plant 
Citizen  Electric  Light  and  Power 
Co.,  Houston,  Texas. 

Ryerson  Physical  laboratory,  Uni- 
versity of  Chicago,  Chicago,  111. 

General  Sup't  of  Construction,  National 
Conduit  and  Cable  Co  ,  23  College 
Hill,  Cannon  St.,  E.  C,  London, 
Eng, 

Switchboard  Eagineer,  N.  W.  Tele- 
phone Exchange  Co.,  Tel.  Bldg., 
Minneapolis,  Minn 

J.  G.  White  &  Co..  Monroe,  Mich. 
General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co.. 
81  Willoughby  St.,  Brooklyn,  N.  Y. 
Remschel,  Cesar  WiLHRLM  AuGCST    G.    P.  O.,  San   Rafael, 

Cal. 
Rbnnard,  John  Clifford,  A.  B.  E,  E.    Asst.  Chief  Engineer, 
New  York  Telephone  Co.,  15  Dey 
St.,  New  York  City. 
Rbnstrom,  Frans  Oscar  Superintendent,    The   Regla    Power 
Co.,  ApartadoQS,  Pachuca,  Mexico. 
President  and   Chief    Engineer,   The 
Reuterdahl  Electric  Co. ;  residence, 
366  Willard  Ave.,  Providence,  R.  L 
Asst.  to  Secretary,  A.  S.  M.  £.,  12  W. 
31st  St.,  New  York  City  ;  residence, 
230  East  nth  St.,  Brooklyn,  N.  Y. 


Reichmann,  Fritz 
Reid,  Edwin  S. 

Reid,  William 

Rbilly,  Harry  Winne 
Reilly,  John  C. 


Reuterdahl,  Arvid 


Rice,  Arthur  L. 


(31) 


Date  of  BUction. 

Jan.  24,  1909 
Not.  20,  189s 
Nov.   S3,  1899 

Sept.  37,  1893 
Jan.    19,  1893 

Jan.  94,  1903 
May  x8,  1897 
Mar.     s>  1889 

Sept.  19,  1894 

June     4,  1889 

April  t6,  1899 
Mar.  23,  1898 

Feb.   26,  1896 

May  21,  1901 
Jan.    3,    1902 

April  1$,  1884 

Feb.    28,  1903 

Jan.  16,  189s 
Feb.   38,  1900 

Nov.  22,  1901 

Oct.    31,   1896 


Digitized  by  VjOOQIC 


1004  ASSOCIATES. 

Nam*.  AddrcM.  Date  of  1 

RiCB,  Maktin  p.  Chief  of  Publication  Bureau,  General 

Electric  Co.,  Schenectady,  N.  Y.         May    21,  1901 

Rich,  Francis  Arthur  Manajrer,  Woodstock  G.  M.  Co., 
Karangahake,  Auckland,  New  Zea- 
land. Jan.  ao,  1897 

Richards,  Chas.  W.  C.  W.  Richards  &  Co.,  178  Devonshire 
St ,  Boston  ;  residence,  Need  ham, 
Mass.  Sept.  S3,  Z896 

RiCHXY,  Albirt  S.  Electrical  Engineer,  Union  Traction 

Co.   of   Indiana,   215   W.  9th  St., 
Anderson,  Ind.  May    18.  1897 

Richtbbrg,  Hermann  Andreas     Electrical  Enf^ineer,  Westing, 
house  Electric  and  Mfg.  Co.:  resi- 
dence, 205  West  41st  St.,  New  York 
,  City.  Sept.  27,  I901 

RiDKOUT,  Alrxandbr  C.  LL.  D.,  Consulting  Electrical  and 
Mechanical  Engineer,  Hideout  & 
Gage,  101  Randolph  St.  .Chicago, 111.     Aug.     S>  X^ 

Ripley,  Wm.  Howe  Ripley  &  Arcndt,  24  Murray  St.;  resi- 

dence, 17  W.  123d   St.,    New  York 
City.  Feb.    17,  X897 

Robbrson,  Ouver  R.  Electrician,  Western  Union  Telegraph 
Co.,  195  Broadway,  P.  O.  Box  856, 
New  York  City.  Dec.    ao,  189) 

Roberts,  Allen  Davidson  Electrician,  \i\  King  St.,  Kingston, 

Jamaica.  Nov.  22,  1899 

Robertson,  Jas.  McCallum  Superintendent,  Power  Depart- 
ment. The  Koyal  Electric  Co.,  94 
Queen  St.,  Montreal,  P.  Q.  Apr.  26,  190X 

Robinson,  Almon  Webster  Road,  P.  O.  Box  943,  Lewis- 

ton,   Me.  Sept.     6,  1887 

Robinson,  Arthur  L.       Manager,      Eclipse    Mine,     Auburn 

(R.  F.  D.)  Placer  Co.,  Cal.  May  15,   1900 

Robinson,  Dwight  Parker  Assistant  General  Manager,  The 
Seattle  Eleciric  Co.,  615  2nd  Ave., 
Seattle,  Wash.  Sept.  95,  1891 

Robinson,  Francis  George  With  Metropolitan  Street  Railway 
Co.;  residence,  Hotel  Richelieu, 
114th  St.  &  Fifth  Ave.,  New 
York  City.  Nov.  Si,  X894 

Robinson,  Geo.  P.  Ass't  Supt.  L.  D.  Service,  The  Wis- 

consin   Telephone     Co.,    498   Mil- 
waukee St.,  Milwaukee  Wis.  May    x6,  1899 

RocKWOOD,  Dwight  Carrington  Student, Westinghouse  Elec- 
tric and  Mfg.  Co..  IMttsburg;  resi- 
dence, 516  Kelly  Ave  ,  Wilkinsburg, 
Pa.  Mar.   S2,  1901 

Rodgers,  Ashmead  Gray    General  Superintendent,  Eddy  Elec- 

trie  Mfg   Co.,  Windsor.  Conn.  Sept.  27,  1901 

Roeblino,  Ferdinand  W.  Manufacturer    of    Electrical    Wires 

and  Cables,  Trenton,  N.  J.  June     8,  1887 

(18) 

Digitized  by  VjOOQIC 


ASSOCIATES.  1005 

Name.  Addren.  Date  of  Election. 

Rogers,  Nslson  Electrician,  Sawyer-Man  Electric  Co. 

Experimental  Dcpt.,  510  W.  23d 
St.,  New  York  City ;  residence, 
Mt.  Vernon,  N.  Y.  May    21,  IQOI 

ROPBR,  Denney  W.  Electrical   Engineer,    with   Chas.    H. 

Ledlie,  930  Rialto  Bldg. ;  residence, 
3400  Morgan  St.,  St.  Louis,  Mo.         June     6,  1895 

ROSEBRUOH,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 
School  of  Practical  Science,  666  Spa- 
dina  Ave.,  Toronto,, Ont.  Juno  26,1891 

ROSBNBAUM,  Wm.  A.  Attorney  in   Patent    Cases,    Nassau- 

Beekman  Building,  140  Nassau  St., 
Telephone,  2977  J9hn,  New  York 
City.  Jan.     3»   1889 

RosSNBERO,  £.  M.,  M,  £.  Residence,  138  W.  85th  St.,  New  York 

City.  Oct.    21,  1890 

ROSENBUSCH,  Gilbert  Royal  Societies  Club,  London,  Eng- 
land. Sept.  28,  1898 

Ross,  Taylor  William  Newport  News  Shipbuilding  &  Dry 
Dock  Co.;  residence,  114  34th  St., 
Newport  News,  Va.  Mar.   25,  1896 

Rossi,  Harold  J.  San  Marten  Texmelucan,  Ede  Pueblo, 

Mexico.  Oct.    24,  1900 

Rowland,  Arthur  John  Professor  of  Electrical  Engineering, 
Drexel  Institute;  residence,  4510 
Osage  Ave.,  Philadelphia,  Pa.  Sept,   I9,  1894 

Ruckgaber,  Albert  Felix  Rapid  Transit  Subway  Construction 
Co.;  residence,  373  Carlton  Ave., 
Brooklyn,  N.  Y.  Nov.  22,  1901 

RuFFNER,  Charles  Shumway  Electrician,  The  Telluride 
Power  Co.,  Telluride;  residence, 
Vance  Junction,  Colorado.  Feb,  28,  1902 

RUGG,  Walter  S.  Engineer,  Westinghouse  Elec.  &  Mfg. 

Co.,  120  Broadway;  residence,  225 
W.  83d  St  .  New  York  City.  Mar.  28,  1902 

RUSHMORE,  Samuel  W.      Proprietor,  Rushmore  Dynamo  Works. 

24  Morris  St.,  Jersey  City,  N.  J.  Mar.  28,  1900 

RussEL,  Edgar  Captain  Signal  Corps,  U.  S.  A.,  War 

Department,  Washington,  D.  C,  Nov.  22,  1901 

Russell,  H.  A.  Sales  Agent,    General   Electric  Co., 

residence,  302  Laurel  St.,  San  Fran- 
cisco, Cala.  Nov.    22,  1899 

RutTiN,  Henry  Chief   Electrical  and  Mechanical  En- 

gineer of  World's  Fair,  St.  Louis, 
Mo.  Oct.    24,    1900 

Rutherford,  Walter  Manager  Elerftric  Traction  Dep't,  Dick 
Kerr  &  Co.,  Ltd.,  no  Cannon  St., 
London  E.  C.,  England.  Sept.  22,  1891 

Ryan,  Walter  D'Arcy     Engineer.  General  Electric  Co.,  Lynn, 

Mass.  Jan.  24,  I90S 

Ryder,  M.  P.  Supt.  of  Bronx  Dist.v  New  York  Edi- 

son Co.,  140th  St.  and  Rider  Ave.; 
residence,  848  E.  163d  St.,  New 
York  City.  May    21,  1901 

(19) 
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Rykrson,  Wm.  Newton  Electrician,  74th  St.  Station,  Manhattao 
Railway  Co.,  74th  Street  and  East 
River;  residence,  215  West  looth 
St.,  New  York. 

Sage,  DarrOw  In  Testing  Department,  General  Elec- 

tric Co. ;  residence,  244  Union  St., 
Schenectady,  N.  Y. 

Sage,  Frederick  Brittan  Partner,  F.  B.  Sage  &  Bro.,  123 
Liberty  St.,  New  York  ;  residence, 
Hackensack,  N.  J. 

Sage,  Henry  Judson  Sage  &  Co.,  Electrical  Engineers, 
Rochester.  Pa. 

Docent  of  Electrotechnics,  Technische 
Hochschule,  Vienna,  Austria. 

Designer  and  Inspector  of  Drawings, 
Western  Electric  Co.,  57  Bethune 
St.;  residence,  424  West  57th  St., 
New  York  City. 

29  Wall  St.,  New  York  City. 

Of  Sanderson  &  Porter,  Engineers  and 
Contractors,  31  Nassau  St.,  New 
York  City. 

Secretary  and  Electrical  Engineer, 
Morris  Electric  Co.,  Splice  and  Ter- 
minal Co,  15  Cortlandt  St.;  resi- 
dence, 2J3  W.  105th  St.,  New  York. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  13  Park  Ave., 
Schenectady,  N.  Y. 

Chief  Engineer,  The  Midvale  Steel 
Co.,  Nicetown,  Phila.,  Pa.;  residence 
1752  N.  26th  St.,  Philadelphia,  Pa. 

Sawyer,  Willets  Herbert  Engineer,  Railway  Engineering 
Department  General  Electric  Co.; 
residence,  4  Gillespie  St.,  Schenec- 
tady, N.  Y. 
Electrical  Engineer,  Bullock  Electric 
M'fg.  Co.,  220  Broadway,  New 
York;  residence,  15  Whittlesey 
Ave.,  East  Orange,  N.  J. 

Saylor,  Frederick  Alexander    Care  Charles  G.    Thrall,   15 
O'Reilly  St.,  Havana,  Cuba. 
Engineering      Department,     Chicago 
Edibon      Co.,      139     Adams      St., 
Chicago,    111. 

Superintendent  of  Electric  Dept.,  La- 
clede Gas  Light  Co.,  411  N.  nth 
St.  Louis,  Mo. 

In  Engineering  Dept.  as  Telephone 
Engineer.  Milwaukee  Electric  Rail- 
way and  Light  Co.,  Construction 
Dept.,  Milwaukee,  Wis. 

President,  The  Lambert  Schmidt  Tel. 
Mfg. Co.,  335  Broadway  (Telephone, 
2727  Franklin),  New  York  City;  resi- 
dence, 138  Schippen  St.,Wcehawken, 
N.J. 
(18) 


Sahulka,  Dr.  Johann 
Salter,  Thomas  Fitch 

Sanborn,  Francis  N. 
Sanderson.  Edwin  N. 

Sanville,  Henry  F. 

Sargent.  Howard  R. 
Sathkrberg,  Carl  Hugo 


Saxelby,  Frederick 


[Life  Member.] 
SCHILDHAUER,    EdWARD 

SCHLOSSER,  Fred.  G. 
Schmidt,  Chas,  J. 

Schmidt,  Lambert 


Date  of 

Aug.  23,  1899 

Sept.  27,  1 901 

May  21,  1901 
Dec.  20,  1893 
Dec.    20.  1893 

May  21,  1901 
Nov.  24,  1891 

Oct.    17.  1894 

Feb.  28,  1901 
Mar.  25,  1896 
Aug.     5.  1896 

Feb.  28,  1902 

June  5.  1888 
Jan.  24,  1900 

Nov.  22,  I901 
Sept.  22.  1891 

Jan.  9,  1901 
Nov.  22,  1901 
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SCHOOLFIELD,  FRANK  ROBERT  Chief  Engineer,  Baltimore 
Smelting  and  Rolling  Co.,  Canton; 
residence.  713  West  Fayette  St., 
Baltimore,  Md. 

Counsellor  and  Attorney,   20  Nassau 
St.,  New  York  City. 

Electrical  Engineer,  with  Bergmann 
Electromoteren  and  Dynamo  Werke, 
Oudenarder  Strasse,  23-30,  Berlin, 
Germany. 

City  Electrician.  The  City  of  Omaha, 
306  City  Hall,  Omaha.  Neb. 

SCHIAFFINO,  Mariano  L.  Chief  Electrician,  Compania  de  Luz 
Electrica,  Guadalajara,  Mexico. 


SCHREITER,  HeINR.  C.E, 
SCHUM,  Chas.  H. 

ScHURiG,  Edward  F. 


ScHROicDBR,  Henry 


Schwab,  Martin  C. 


SCHWABE,iWALTER  P. 


Inspector,  The  New  York  Edison  Co. ; 
residence,  137  Madison  Ave.,  New 
York.  N.  Y. 

Electrical  Engineer,  with  Northern 
Electric  Co.,  15  South  St.;  resi- 
dence. 1729  Madison  Ave.,  Balti- 
more,   Md. 

Superintendent  Electrical  Dept.  Ruth- 
erford District.  The  Gas  and  Electric 
Co  ,  of  Bergen  County,  Rutherford, 
N.  J. 
Schweitzer,  Edmund  Oscar,  Electrical  Inspector,  Common- 
wealth Electric  Co.,  667  Lincoln 
Ave  ;  residence,  1906  Oakdale  Ave., 
Chicago,  111. 

Otis  Elevator  Co.;  residence,  69  Ra- 
vine Ave.,  Yonkers,  N.  Y. 


Scidmore,  Frank  L. 
Scott,  Wm,  M. 


ScRiBNER,  Charles  E. 


Electrical  Engineer.  The  Cutter  Elec- 
trical and  Mfg.  Co.,  TI12  Sansom 
St.,  Philadelphia,  Pa.;  residence, 
108  West  Johnson  St  ,  German- 
town,  Pa. 

Engineer,  Western  Electric  Co.,  259 
South  Clinton  St  ,  Chicago,  111. 

ScuDDER,  Hewlett,  Jr.,  21   East  22d  St.,  New  York  City. 

Heabrook,  Henry  Hamilton  Sales  Engineer,  Westinghouse 
E.  &  M.  Co.,  1317  F  St.;  residence, 
822  Connecticut  Ave.,  N.  W.,  Wash- 
ington, D.  C. 

Vice-President  and  General  Manager, 
Denver  Engineering  Works  Co., 
924  Washington  Ave., Denver,  Col. 

Electrical  Engineer,  Fort  Wayne  Elec- 
tric Works,  Marquette  Building, 
Chicago,  111. 

Manager,  The  Hilo  Electric  Light  Co. 
Ltd.,  Hilo,  H.  I. 


Searing,  Lewis 


Searles,  a.  L. 


Sedgwick,  C.  E 
See,  Alonzo  B. 


(18) 


A.  B.  See  Electric  Elevator  Co.,  220 
Broadway,  New  York  City ;  resi- 
dence. Lake  Mahopac,  N.  Y. 


Date  ol  Election. 

May  16,  1899 
Jan.     17,  189  J 

Feb.  23,  1898 
Apr.  26,  1899 
Feb.  28,  1900 

June  28,  1901 
Not.  18,  1896 
May  19,  1896 

Feb.  15,  1899 
Dec.  18,  189s 

June  23,  1897 

Mar.  28,  1902 
Nov.  22,  1899 

Jan.  24,  1902 

April  3,  188S 

April  18,  1894 
Feb.  23,  1898 

Jan.  17,  189s 
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Name. 
SXKRBLL,  LEUUBL  Wm. 


Shafpnxr,  S.  C. 


Sharp,  Clayton  Halsey 


Address. 
Mechanical  and  Electrical  Engineer, 
99  Cedar  St.,  New  York  City;   resi- 
dence. Plainfield.  N.  J. 

Supt.  and  Electrician.  Electric  Light- 
ing Co.  of  Mobile,  306  St  Anthony 
St..  Mobile,  Ala. 

Test  Officer,  Lamp  Testing  Bureau, 
14  Jay  St.,  New  York  City;  resi- 
dence, 722  Highland  Are.,  Newark, 

N.J. 

Shaw,  Aubrey  Norman  Draughtsman,  A.  B.  See  Electric  El- 
efator  Co.;  residence,  298  Carlton 
Ave.,  Brooklyn,  N.  Y. 

Shaw,  Howard  Burton  Professor  Electrical  Engineering, 
Missouri  State  University,  Columbia, 
Mo. 


Shearer,  J.  Harry  Electrical  Engineer,  National  Electric 

Light  Co  ,   Apartado,   639   Mexico 
City,  Mexico. 

Sheldon,  Edward  Elus  Electrical  Engineer,  Hudson  River 
State  Hospital;  resideaee,  47  Hud- 
son Ave,  Poughkeepsie,  N.  Y. 

Shepard,  Roberto  R.  Erecting  Engineer,  Mexican  General 
Electric  Co.,  Apartado  403,  Mexico 
City,  Mexico. 

Superintendent  of  Traffic,  New  York 
Telephone  Co.,  i8th  St.  and  Irving 
Place:  residence,  59  Park  Avenue, 
East  Orange,  N.J. 

Electrical  Engineer,  York  Haven 
Meter  and  Power  Co.;  residence, 
224  Carlisle  Ave.,  York,  Pa. 

Shuster,  John  Wesley  Instructor  in  Electrical  Engineering, 
University  of  Wisconsin;  residence, 
609  Lake  Street,  Madison,  Wis. 

Maiden 


Sherwood,  Edgar  F. 


Shock,  Thos.  A.  W. 


54 


Simpson,  J.  Manley 


Siss,  Charles  F. 


Simpson,  Alexander  B.    Electrical      Engineer, 
Lane,  N.  Y,  City. 

Simpson,  Ernest  Lee  Electrical  Engineer,  The  Mexican  Gas 
and  Electric  Light  Co.,  Santa  Clara 
No.  7,  Mexico  City,  Mcx. 

Assistant  to  General  Superintendent, 
American  Grass  Twine  Co.,  P.  O. 
Box  2513,  St.  Paul,  Minn. 

President,  Bell  Telephone  Co.,  of 
Canada.  P.  O.  Box  2262,  Montreal, 
Canada. 

Skinner,  Charles  Edward  Electrical  Engineer,  Wetting- 
house  E.  &  M.  Co.;  residence,  424 
Franklin  Ave.,  Pittsburg,  Pa. 

Skirrow,  John  F.  Ass't  Manager,  Postal  Telegraph  Cable 

Co.,  New  York  City;  residence,  183 
N.  19th  St.,  East  Orange,  N.  J. 

Slade,  Arthur  J.,  Fh,D,     Mechanical  Engineer,  Grand  Central 
Station,  New  York  City;  residence, 
Pelham  Manor,  N.  Y. 
(18) 


Date  of  ElectkM. 
Nov.     I,  1887 

Aug.    IS,  1897 

Feb.  28,  1903 
Mar.  s8,  1900 
April  28,  1897 
Jan.  24,  1900 
Apr.  35,  1903 
Jan.    34,  1900 

Mar.  38,  1902 

Mar.   30,  189s 

•  Jan.    3,    1903 
May  31,    1891 

Sept.  27,  1901 

Jan.    ss,  1899 

June     8,  1887 

Apr.    36,  1899 

Sept.  25,  189s 

Sept.  19,  1894 
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Name. 

Slater,  Frkdrrick  R. 


SucHTER,  Walter  I. 
Sloan,  Jambs  Richard 

Smith,  Frank  Warren 

Smith,  Frederick  B. 
Smith,  Irving  B. 
Smith,  Irving  Williams 

Smith,  J.  Brodie 

Smith,  Oberlin 
Smith,  T.  Jarrard 

Smith,  Samuel  James 
Smith,  Samuel  Nkwton 

Smith,  Samuel  William 

Smith,  Walter  Eugene 

Smith,  Walter  F, 
Smith,  Wm.  Lincoln 
Smith,  William  Nelson 

(17) 


Address.  Dat«  of  Election. 

Asst.  Electrical  Engineer,  Manhattan 
Railway,  32  Park  Place;  residence, 
201  West  73d  St.,  New  York  City.      Oct.    17,  1894 

Electrical  Engineer,  General  Electric 
Co.;  residence.  234  Union  St., 
Schenecudy,  N.  Y.  April  25,  1900 

Electrical  Engineer,  The  Pullman  Co. , 
P.  R.  R.  Deuot,  Jersey  City.  N.  J.; 
residence,  607  West  6ist  Place,  Chi- 
cago, 111.  Feb,  28,  1902 

Superintendent,  The  Cutler  Hammer 
Mfg.  Co..  20  Charles  St.,  Westfield, 
N,  J.  Sept.  27,  1901 

Electrical  Specialties,  170 Summer  St., 
Boston,  Mass.  July   26,  190? 

Partner.  The  Wirt  Electric  Co.,  180 
Broadway,  New  York  City.  May   15,  1900 

Electrician  Bishop  Gutta  Percha  Co. . 
420  E.  25lh  St  ;  residence,  5  W. 
90th  St.,  New  York.  Jan.      9,  1901 

General  Manager,  Manchester  Electric 

Co.  and  Manchester  Street  Railway, 

142    Merrimack    St.,     Manchester, 

N.  H.  Mar.    21.  1894 

President  and   Mechanical  Engineer, 

Ferracute  Machine  Co.,  Lochwold, 

Bridgeton.  N.  J.  May    19,  189 1 

Manufacturers  and  Inventors'  Electric 
Co..  96  Fulton  St.,  Tel.  838  John, 
New  York  City;  residence,  Roselle, 
N.  J.  April  19,  189s 

Salesman  and  Installing  Engineer, 
Crocker-Wheeler  Co  ,  40  So.  Try  on 
St..  Charlotte.  N.  C.  Oct.    24,    1900 

Manager  of  Sales,  Submerged  Electric 
Motor  Co.,  Menomonie,  Wis.;  resi- 
dence, 725  Temple  Court,  Min- 
neapolis, Minn.  Oct.    25,  1901 

General  Storekeeper  and  Purchasing 
Agent,  Lachine  Rapids  Hydraulic 
and  Land  Co.,  Ltd.,  160  McCord 
St.;  residence,  172  Versailles  St., 
Montreal,  Canada.  Sept.  27,  1901 

Electrician,  The  United  States  Navy 
Department,  Mid  vale  Steel  Works; 
residence,  2126  Ontario  St.,  Phila- 
delphia, Pa.  Feb.  28,  1900 

General  Manager,  United  Gas  Im- 
provement Co. ;  residence.  2010  On- 
tario  St.,    Philadelphia,  Pa.  July    26,  1900 

Consulting  Electrical  and  Illuminating 
Engineer;  residence,  360  Marlbor- 
ough St.,  Boston,  Mass.  July    18,  1899 

Electrical  Engineer,  Westinghouse, 
Church,  Kerr  &  Co.,  26  Cortlandt 
St.,  New  York  City;  residence,  62 
Morris  St.,  Yonkers,  N.  Y.  Mar.  28,  1902 
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Name.  Address. 

Smith,  Wm.  Stuart  U.  S.  N.,  2538  Dwight  Way,  Berkeley, 

Cal. 

Snyder,  Nathaniel  Marion,  County  Surveyor  forScotts  Bluff 
Co.,  Gerinjr,  Nebraska. 

SOMELLERA,  GABkiEL  F.  Partner,  Salcedo  &  Co.,  Apartado  115, 
Mexico  City,  Mez. 

SoREN,  TowNSEND  HoDGEs  Electrical  Engineer,  General 
Electiic  Co.,  Schenectady,  N.  Y. 

Sup't  Buffalo  Branch,  New  York  Elec- 
tric Vehicle  Transportation  Co.,  240 
W.  Utica,  St..  residence,  67  W. 
North  St.,  Buffalo  N.  Y. 

District  Engineer,  Bullock  Electric 
Mfg.  Co.,  220  Broadway,  New 
York   City. 

Electrical  Engineer,  with  N.  Y.  C.  & 
H.  R.  R.  R.  Engineering  Dept., 
Room  512  Grand  Central  Station, 
New  York  (^ity. 

Inspector  of  Electric  Plants,  United 
Gas  Improvement  Co. ,  Broad  and 
.Arch  Sts.,  Philadelphia,  Pa. 

With  Bell  TelephoneCo.,N.E.Cor.iith 
and  Filbert  Sts.,  Philadelphia,  Pa. 

Assistant  Engineer,  British  Columbia 

Electric  Railway  Co.,  Ltd. ,  Victoria, 

B.  C. 
Secretary,  Treasurer  and  Manager  the 

Edison    Electric    Illuminating  Co., 

Tamaqua,  Penn. 

Laboratorian,  in  charge  of  Test  Room, 
Equipment  Department,  New  York 
Navy  Yard:  residence,  472  Second 
Ave.,  New  York  City. 

Squier,  George  O,  Capt.,  Ph.D.  U.  S.  Signal  Corps,  c/o 
Chief  Signal  Officer,  Div.  of  the 
Pacific,  Manila.  P.  I. 

Mining  Engineer  for  Messrs.  Schneider 
&  Co.,  Grenoble,  France. 

Electrical  Engineer :  residence,  5379 
Morris  St.,  Germantown,  Philadel- 
phia, Pa. 

With  C.  H.  &  H.  Stanton  Electrical 
Contractors,  1517  Walnut  St.;  resi- 
dence, 134  S.  3d  St.,  Philadelphia, Pa. 

Electrical  Engineer,  with  Westing- 
house,  Church,  Kerr  &  Co.,  26 
Cortlandt  St. 

Stern,  Phiup  Kobsuth  Practicing  Electrical  and  Mechanical 
Engineering,  130  Fulton  St.,  N.  Y. 


SowEKs,  David  W. 

Spellmire,  Walter   B. 
Spencer,  Chas.  J. 

Spencer,  Paul 

Spencer,  Theodore 
Sperling,  R.  H. 

Spiese,  F.  p. 
Spokhrer,  Hermann 


Stahl,  Th. 

Stakes,  D.  Franklin 

Stanton,  Chas.  H. 

Steele,  Walter  D. 


Stevens,  Cabot 


(19) 


Electrical  Engineer,  Brooklyn  Edison 
Electric  Illuminating  Co.,  360  Pearl 
St.;  residence,  ix  St.  James  Place, 
Brooklyn.  N.  Y. 


Date  of  Election. 
July  26,  1 901 
NoY.  33,  1900 
April  as,  1900 
Not.  22,  X901 

July  18,  1899 
May   21,  1901 

May    ti,  X901 

Nov.  30,  1897 
Mar.    21,  1893 

Nov.  23,  1898 
July   26,  190* 

Sept.  27,  1 901 

May  19,  1 891 
Nov.   IS,  1892 

Jan.    29,  1897 

Mar.  20,  1891 

April  25,  190^ 
Nov.  23,  X900 

June    28,  r90X 


Digitized  by  VjOOQIC 


A880GIATB8. 


1011 


Name. 

Stxwart,  John  Bkucs 


Address. 
Superinteodent ,  Electric  Plant,  Virginia 
Hot  Springs  Co.,  Hot  Springs,  Va. 

Professor  of  Engineering,  Swarthmore 
College,  Swarthmore,  Pa. 

Stitzer,  Arthur  Bowers,  Draughtsman,  Union  Traction  Co.; 
residence.  1909  N.  Camac  St., 
Philadelphia,  Pa. 

Patent  Attorney,  120  Broadway ; 
residence,  2514  nth  Are.,  near 
187th  St.,  New  York  City. 

With  Firm  of  Stone  &  Webster,  93 
Federal  St.,  Boston,  Mass. 

Officina  de  Traccioux  y  Talleres, 
Ferro  Carril  del  Sud,  Estacion  Sola; 
residence,  Avenida  Montes  de  Oca 
415,  Buenos  Aires. 


Stinx,  Wilbur  M. 


Stockbridge,  Geo.  H. 

[Ufe  Member.] 


Stone,  Charles  A. 
Stone,  Joseph  P. 


Storer,  Norman  W. 


Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.,  residence, 
6109  Howe  St.,  E.  E.  Pittsburg,  Pa. 

Stout,  Joseph  Suydam,  Jr.,  Inspector,  The  New  York  Edison 
Co.;  55  Duane  St..  residence,  35 
East  67th  St.,  New  York  City. 


Straus,  Theodore  E. 


Electrical  Engineer,  13  W.  Pratt  St., 
residence,  121 3  Linden  Avenue, 
Baltimore.  Md. 

Strauss,  Herman  A.  Consulting  Electrical  Engineer,  Park 
Row  Building  (Tel.  6555.  Cortlandt), 
residence,  141  W.  iioth  St.,  New 
York  City. 

Strong,  James  Re.\isen  President,  The  Tucker  Electric  Con- 
struction Co..  35  South  William  St., 
N.  Y.;  residence,  Short  Hills,  N.  J. 

Stuart,  Harve  R.  Electrical  Engineer,  with  W.  E.  &  M. 

Co.;  residence,  524  Wallace  Ave., 
Wilkinsburg,  Pa. 

Sturdbvant,  Chas.  Ralph  With  E.  P.  Roberts  &  Co.,  Con- 
sulting Engineers,  r>03  Electric  Buil- 
ding, Cleveland,  Ohio. 

Sturtevant,  Charles  L.  Patent  Attorney,  Atlantic  Building, 
Washington.  D.  C. 

Stutz,  Chas.  C.  Assistant  Chief  Engineer,    Pittsburg 

Plate  Glass  Co.,  Carnegie  Building, 
Pittsburg,  Pa. 

SUDLOW,  Harry  16  Charlotte  St.,  Charleston,  S.  C. 

Sullivan,  William  Van  Amberg,  Jr.  Consulting  and  Con- 
tracting Mechanical  and  Electrical 
Engineer,  Room  120,  Washington 
Building:  residence,  618  Terry  Ave., 
Seattle,  Wash. 

Summers,  Leland  L.  Electrical  Engineer,  441  The  Rookery, 
Chicago,  ill. 

SWBNSON,  Bernard  Victor    Assistant  Professor  of  Electrical 
Engineering,  University  of  Wiscon- 
sin, 404   W.    Mifflin  St.,    Madison, 
Wis. 
(19) 


Date  of  Elcctiom. 
Aug.    23,  1899 

May    15,  X894 

Oct.   24,  1900 

May  24,  1887 
May  19,  1 891 

Dec.  18,  189s 

Dec.  18,  189s 

Nov.  29,  1899 

Nov.  18,  1896 

Oct.  17,  1894 
Mar.  22,  1901 
Jan.  25,  1901 

May  16,  1899 
Dec.  20,  1893 

Mar.  28,  1900 
Sept.  27,  1901 

Jan.  24,  1902 
Feb.    16,  189a 

Feb.    27.  189$ 
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Name. 

Sweet,  Henry  N. 
sweetland,  ralph 


Swops,  Gerard 


Addreu. 
Second  Vice-President,  Duncan  Hall, 
1 151  Chapel  St.,  New  Haven,  Conn. 

Electrical  Inspector,  New  England 
Insurance  Exchange,  $5  Kilby  St., 
Boston;  residence,  Natick,  Mass. 

Manager,  Western  Electric  Co.,  810 
Spruce  St.,  St.  Louis,  Mo. 

8YKBS,  Henry  H.  Gen.  Supt.,  Southern  New  England 

Telegraph  Co. ,  New  Haven,  Conn. 

SzuK,  Geza  Chief   Engineer,    Ganz  &  Co  ;    resi- 

dence, Csaloganjr  utcza  5a  Budapest 
II,  Hungary. 

Electrical  Engineer,  Mining  Dep't, 
Mitsu  bishi  Co. ,  Tokyo,  Japan. 

Superintendent,  The  Somerset  Lighting 
Co.,  Somerville,  N.  J. 

Tannatt,  Eben  Tappan  Managing  Civil  and  Electrical  En- 
gineer, The  Oahu  College  Trustees; 
residence,  13 13  Wilder  Ave.,  Hono- 
lulu, H.  Ty. 

Electrician  in  Government  Printing 
Office,  care  of  Public  Printer,  Wash- 
ington, D.  C. 

Manager  New  York  Office,  Electric 
Storage  Battery  Co.,  100 Broadway, 
New  York  City. 

Westinghouse  Electric  &  Mfg.  Co.; 
residence.  7422  Penn  Ave.,  Pitts- 
burg, Pa. 

McCord  and  Seminary  Sts.,  Montreal, 
P.  Q. 

Taylor,  Jeremy  F.  [Address  unknown.] 

Temple.  William  Chase  Consulting  Engineer,  Bank  of  Com- 
merce Bldg.,  residence,  1090  Shady 
Ave.,  Pittsburg,  Pa. 


Tachihara,  Jin 
Tait,  Frank  M. 


Tapley,  Walter  H. 


Taylor,  Albert 


Taylor,  Frank  H, 


Taylor,  Irving  A. 


Terry,  Albert  Slocomb 


Tervet,  Robert 


Tbsla,  Nikola 


Treas.  and  Manager,  The  Sunbeam 
Incandescent  Lamp  Co.,  463  West 
St.;  residence,  59  Morningsidc  Ave., 
New  York  City. 

Technical  Engineer,  Western  Electric 
Co.,  North  Woolwich,  London;  resi- 
dence, 4  Christie  Road,  South 
Hackney,  London,  N.  E.,  England. 

Electrical  Engineer  and  Inventor,  46 
E.    Houston   St.,  New  York  City. 

Thayer,  George  LANGSTAFF,i!/.  E,,  Consulting  Electrical  En- 
gineer, Oregon  Short  Line  R.  R. 
Co.,  Geneva,  Ind. 

Thomas,  Alfred  Clarence  Engineer,  The  New  York  & 
New  Jersey  Telephone  Co  ,  81  Wil- 
loughby  St.;  residence,  131  De  Kalb 
Ave.,  Brooklyn,  N.  Y. 

(19) 


Date  of  Elecdon. 
May  20,  1890 

Oct.  as,  1901 
Apr.  36,  1899 
Oct.  18,  1893 

Jan.  3,  1903 
Jan.  26,  1898 
Sept.  19,  X894 

Nov.  22,  1901 
Oct.  25,  1891 
May  21,  X90X 

Jan.  8,  1902 

May  17,  1898 

Dec.  27,  1899 

May   3,  1887 

Jan.  24,  1902 

Sept.  27,  1901 
June  5,  x888 

Aug.  5,  1896 
Feb.  28,  1902 
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Name.  Address.  Date  of  Election 

Thomas,  John  Williams  Construction  Engrineer,  Electric 
Storag^e  Battery  Co.,  Hokendauqua, 
Pa.  Mar.   92,  1901 

Thomas,  Percy  Holbrook,  Electrical  Engineering:  Depart- 
ment, Westinghouse  E.  &  M. 
Company,  Pitt&burg,  Pa.  Oct.    34,  1900 

Thomas,  Robirt  McKean,  E,  E.  Member  of  the  firm  of 
Thomas  &  Betts,  141  Broadway; 
residence,  135  Madison  Aye.,  New 
York  City.  April  93,  1896 

Thompson,  Alfred  J.       Crocker.  Wheeler  Co.,  Ampere,  N.  J.    Jan.    35,  1899 

Thompson,  Ermine  John  In  Testing  Rooms  Stanley  Electric 
M'f'g.  Co.,  166  Union  St.,  Pittsfield, 
Mass.  Jan.    25»  1901 

Thompson,  John  West  Director,  Dept.  de  Electricidad,  Cia 
Industrial  de  Guadalajara,  Box  Z74» 
Guadalajara,  Mexico.  Sept.  38,  X898 

Thompson,  Milton  T.  Constructing  Engineer,  Mexican  Gen- 
eral Electric  Co.,  Apartado  403, 
Mexico  City,  Mexico.  Jan.    34,  Z900 

Thompson,  Silvanus  P.    Morland,  Chislett  Road,  West  Hamp- 

stead,  London,  N.  W.,  England.         Oct.   37,  1897 

Thompson,  Thos.  Perrin  Consulting  Engineer,  Neif  & 
Thompson,  Architects  and  En- 
gineers, Withers  Building,  Norfolk, 
Va.  Jan.    3$,  1899 

Thompson,  Warren  Ray,  Assistant  in   Electrical  Engrineering 
Department,   J.  G.  White  &  Com- 
pany, 92a  College  Hill,  Cannon  St.,         / 
London,  England.  Oct.   34,  1900 

Thomson,  Clarence  Examiner,  The  Patent  Office,  Ottawa, 

Canada.  May  15,   1900 

Thomson,  Geo.  Andros  Special  Agent,  The  Adams-Bagnall 
Electric  Co  ,  136  Liberty  St.,  New 
York  ;  residence,  Somerville,  N.  J.     Mar.   33,  Z90X 

Thord arson,  Chester  H.  Manufacturing  Electrican,  138 
LaSalle  Ave. ;  residence,  6415  Lex* 
ington  Ave.,  Chicago,  lU.  Dec.   18,  189s 

Thornton,  Kenneth  Buchanan  Superintendent  Line  Depart- 
ment, The  Royal  Electric  Co.,  resi* 
dence,  840  Dorchester  St., Montreal, 
P.  Q.  Apr.  36,  1901 

Thurbsr,  Howard  F.  General  Superintendent,  New  York 
Telephone  Co.,  18  Cortlandt  Street, 
New  York  City;  residence,  49  Sidney 
Place,  Brooklyn,  N.  Y.  Mar.   35,  1896 

Tidd,  Geo.  N.  Electrical    Engineer    and    Manager, 

Beacon  Light  Co.,  Chester,  Pa.  July    36,  1900 

TiNGLSY,  E.  M.  Westinghouse    Elec.    &    Mfg.    Co.; 

residence,  431   Shady  Ave.,    Pitts- 
burg. Pa.  July    13,  1900 


(17) 
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ASSOCIATES. 


Name. 
ToBEY,  Harry  Wili.lard 

TOS&RING,  C.  J. 

ToLMAV,  Clarknce  M. 


Addren. 

Member  EngiDeering  Department, 
Stanley  Electric  Mfg.  Co.:  residence, 
36  Oxford  St..  Pittsfield,  Mass. 

C.  J.  Toerring  Co.,  1035  Ridge  Ave., 
Philadelphia,  Pa. 

Electrical  Engineer,  Seattle,  Wash- 
ington, 

TORCHIO,  Philippo  Engineering   Dep't,    The   New  York 

Edison  Co..  53  Duane  Street,  New 
York  City. 

TOURET,  Maxime  Eugene  Jkan  Electrical  Consulting  En- 
gineer, 7  Rue  Meyerbeer,  Paris, 
France. 

V.  P.  Tower-Binford  Electric  and 
Mfg.  Co.,  7  South  Seventh  St.;  resi- 
dence, 102  West  Grace  St.,  Rich- 
mond, Va. 

Civil  and  Electrical  Engineer,  Super- 
vising Architect's  Office,  Treasury 
Department,  Washington,  D.  C. 

General  Agent,  Westinghouse  Elec- 
tric and  M'f'g.  Co.,  120  Broadway, 
New  York  City. 

Attorney  and  Expert  in  Electrical 
Cases,  141  Broadway:  residence, 
354  W.  123d  St.,  New  York  City. 

TowKSEND,  FiTZHUGH  Electrical  Engineer,  ii6th  Street  and 
Amsterdam  Ave.  :  residence.  Union 
Club,  Fifth  Ave.  and  aist  St.,  New 
York  City. 

Treadwell,  Augustus,  Jr.  £.  E.,  100  Broadway,  New 
York  City;  residence,  488  3d  St.. 
Brooklyn,  N.  Y. 

Treat,  Robert  Belden  Electrical  Engineer,  Crocker- Wheeler 
Co.,  Ampere,  N.  J.;  residence,  43 
South  loth  St.,  Newark,  N.  J. 

Tripier,  Henri  Technical    Engineer    of    the    Societe 

Francaise  d'Incandesccnce  par  le 
gaz  (Systeme  Auer.);  residence,  no 
Bd.  Malesherbes,  Paris,  France. 


Tower,  George  A, 


Town,  Frederick  E. 


Town  LEY,  Calvert 


T0WN8END,  Henry  C. 


Trott,  a.  H.  Hardy 

[Life  Member.] 
Trudeau,  J.  A.  G. 
Truesdell,  Arthur  E. 


Beer,    near    Axminster,    Devonshire, 
Eng. 

329  Kent  Street,  Ottawa,  Canada. 

50  Brenton  Terrace,  Pittsfield,  Mass. 

Turnbull,  Wallace  Rupert.  Electrical  Engineer,  St.  Johns, 
N.  B.,  Canada. 

Tyndall,  Charles  H.,  Ph.  D.  Minister  Reformed  Church, 
137  South  Sixth  Ave.,  Mt.  Vernon, 
N.  Y. 


TVNG,  Francis  E. 


(19) 


Manager,  Eastern  Engineering  Co., 
164  W.  27th  St.,  New  York;  resi- 
dence. Cranford,  N.J. 


Date  of  Electioo. 

Sept.  27,  I9OZ 
April  18,  1894 
April  87,  189S 

June  87,  189s 
Jan.  24,  19OS 

May  15,  1894 
May  15,  1900 
Feb.  28,  1901 
July    10,  x888 

Jan.     20,  189^ 

Feb.    21,  X894 

Jan.    3.  1902 

Sept.  28,  1898 

Jan.  20,  Z891 
May  15,    I90» 

Feb.    15,  1899 

May  17,  1898 
Sept.  17,  1901 
Dec  28,  1898 
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Vail,  Theo.  N.  26  Cortlandt  St..  New  York  City.  April  15,  1884 

Van  Buren,  Gurdon  C.  Electrical  Expert,  with  Federal  Instru- 
ment Co.,  62  South  Hawk  St., 
Albany,  N.  Y.  Oct.    25,  1899 

Vau  Dyck,  Wiluam  Van  Bergin  Electrical  Enjjincer  and 
Contractor;  residence,  439  Man- 
hattan Ave.,  New  York  City.  Nov.  22,  1901 

Vandkgript,  James  A.  Treasurer  and  Manager,  The  Colorado 
Lamp  Co.,  2051  California  St.,  Den- 
ver, Col.  Nov.  24,  1 89 1 

A'^anderveen,  Anthony  R.  Machinist.  The  South  India  Rail- 
way Co..  Holland  Road,  Negapa- 
tam,  India.  Jan.      9,  1901 

Van  Deventer,  Christopher    Stanley  Electric  Mfg.  Co.,   71 

Broadway,  New  York  City.  Feb.    17,  1897 

Vankirk.  Edward  Power     Electrical  Engineer,  Westinghouse 

Air  Brake  Co.,  Wilmerding,  Pa.  Jan.    3,    1902^ 

Van  Vleet,  Roy  Mitchell  Student.  Westinghouse  Electric 
and  M'f'gCo.,  Edgcwood  Park,  Pa., 
residence.  Port  Huron,  Mich.  Mar.   22,  1901 

Van  Wyck,  Philip  V.'R.,  Jr.     New  York  Telephone  Co.,   15 

Dey  St.;  residence,  Plainfield,  N.  J.     April  21,  1891 

Varney,  Frank  H.  Electrician,    San   Francisco  Gas   and 

Electric  Co  ,  2912  Mission  St.,  San 
Francisco,  Cala.  July    26,  1900 

Varney,  William  Wesley  City  Commissioner  of  Baltimore, 
office,  City  Hall;  residence  712 
N.    Carey   St.,    Baltimore,   Md.  Nov,   21,  1894 

Venable,  Capt.  Wm.  Mayo     The  National  Contracting  Co.,  713 

Hennen  Bldg.,  New  Orleans,  La.         Nov    30,  1897 

ViEHE,  J.  S.  Westinghouse  Electric  and  Mfg.  Co., 

J  03  Circuit  Court,  Roxbury,  Boston, 
Mass.  May  15,    1900 

ViNTEN,  Ernest  Stiles  Foreman  Knob.  Dept.  Sargent  Co. ; 
residence,  89  Pearl  St.,  New  Haven, 
Conn.  April  27,  1898 

VoiT,  Dr.  Ernst  Professor    of     Electricity,    Technical 

University.        Schwanthalerstrasse, 
Munchen,  Germany.  Mar.   21,  1894 

Vreeland,  Frederick  K.     Box  1877,  New  York  City.  Oct.    26,  1898 

DE  Waal,  Wm.  H.  Engineer,     Accumulator     Mfg.    Co., 

Apartado  626,  Mexico  City,  Mexico.     April  25,  1900 

Waddell,  Charles  Edward  Electrician  in  change  Electrical 
Department,  Biltmore  Estate,  Btlt- 
more.  North  Carolina.  April  25,  1902 

Wagner,  Herbert  A.  Consulting  Engineer,  415  I.x>cust  St., 
St.  Louis,  Mo.,  and  Times  Building, 
New  York  City.  Sept.  98,  1898 

Wagoner,  Philip  Dakin  Commercial  Department,  General 
Electric  Co.,  Box  728  Schenectady, 
N.  Y.  Feb.  28,  1902 
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Walkkm,  George  Alexander,  Electrical  and  Mechanical  En- 
gineer, P.  O.  Box  595,  Vancouver, 
B.  C.  Nor.  23,  X9«o 

Walker,  Frank  Wilkes  Mechanical  and  Electrical  Engineer, 
New  York  Telephone  Co.;  resi- 
dence, 26  Summerhill  Ave.,  Mon- 
treal, P.  Q.  May  31,  1901 

Walker,   Miles  Electrical     Engineer,     The     British 

Westinghouse  Electric  and  Mfg. 
Co.,.  Ltd.;  residence,  413  Pitt  St., 
Pittsburg,  Pa.  Sept.  27,  190I 

Wallace,  Chas.  F.  Engineer,  Stone  and  Webster,  93  Fed- 

eral St.,  Boston;  residence,  Welles- 
ley  Hills.  Mass.  Nov.   18,  1896 

Wallau,  Herman  L.  Assistant  Electrician,  Cleveland  Elec. 
III.  Co.,  711  The  Cuyahoga,  Cleve- 
land, Ohio.  May  15,  1900 

Waller,  Chas.  Waite  Sales  Agent,  General  Electric  Co., 
Claus  Spreckels  B'ld'g,  San  Francis- 
co, Cal.  Aug.   23,  1899 

Walmsley,  Walter  Newbold,  1002  Harrison  BIdg.,  Philadel- 
phia, Pa.  Oct.    24,  1900 

Warner,  Chas.  H.  Consulting  Electrical   Engineer,    764 

Rock  St.,  Fall  River,  Mass.  Dec.    20,  1893 

Warren,  Aldred  Kennedy  Assistant  Engineer  of  Line  and 
Equipment,  Brooklyn  Heights  R.R. 
Co..  2075  Broadway,  Brooklyn; 
residence.  114  E.  17th  St.,  New 
York  City.  Nor.   20,  X895 

Warren,  Henry  Ellis     Assistant    Engineer,    The    Lombard- 
Governor    Co..    36    Whittier     St. 
Boston  ;  residence,  Newton  Centre, 
Mass.  Jan.     24,  1902 

Wason,  Chas.  W.  President     and     Purchasing    Agent, 

Cleveland,  Painesville  and  Eastern 
R.  R.,  Purchasing  Agent.  Akron, 
Bedford  and  Cleveland  R.  R.,  616 
Garfield  Bldg.,  Cleveland,  O.  May    19,  1891 

Waterman,  Marcus  B.  Assistant  Electrician,  Consolidated 
Telegraph  and  Electrical  Subway 
Co..  55  Duane  St .  New  York  City; 
residence  177  LefTerts  Place,  Brook- 
lyn, N.  Y.  Feb.   15,  1896 

Waters,  Edward  G.        General   Electric  Co.,  44  Broad 'St., 

New  York  City.  Mar.    x8,  X890 

Webb.  Henry  Storrs       International  Correspondence  Schools; 
[Life  Member.]  residence,  1416  Mousey  Ave.,  Scran- 

ton.  Pa.  Nor.  20,  Z89S 

Webb,  Howard  Scott      Professor  of  Electrical  Engineering, 

University  of  Maine,  Orono,  Maine.     Oct.    24,  Z900 

Webster,  Edwin  S  Firm  of  Stone  &  Webster,  93  Federal 

St.,  Boston,  Mass.  April  2i,  1891 

(16) 
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Webster,  Walter  Coates.  Assistant  to  2d  Vice-Presidcut 
Westinghouse  Electric  &  Mfg.  Co.. 
I20  Broadway,  New  York  City.  Jan.    3,    1902 

Welles,  Francis  R.  Manufacturer,  46  Avenue  dc  Brcteuil. 

Paris.  France.  Sept.     6,  1887 

Wellman.  Harold  Robinson  Electrical  Engineer,  Motor  De- 
partment, Geoeral  Incandescent  Arc 
Light  Co.,  572  First  Ave ;  residence, 
3  Beech  Terrace,  New  York  City.         April  25.  190a 

Wells,  George  Eugene  Consulting  Electrical  Engineer,  Ruebel 
&  Wells,  II 12  Chemical  Building, 
St.  Louis,  Mo.  Sept.  27,  igot 

Wells.  Walter  Farrington  Supt.  3rd  Dist..  The  New  York 
Edison  Co.,  55  Duane  St.;  resi- 
dence, 6q  East  92d  St.,  New  York. 
N.  Y.  Apr.    26,  1899 

Wenger,  Edgar  I.  Graduate   in    Electrical    Engineering, 

McGill   University  ;    residence,  Ay- 
ton,  Ontario.  May    21,  1901 

West,  Julius  Henrik       Engineer,  Handjery  St.,  58  Friedenau, 

Berlin,  Germany.  Sept.  20,  1893 

Weston,  Sydney  F.  Marine  Engine  and  Machine  Co., 
II 23  Broadway.  Room  1116  ;  resi- 
dence, 22  Gramercy  Park,  New 
York  City.  July   12,  1900 

Weymouth,  Thomas  Rote  Electrical  Engineer,  International 
Hydraulic  Co.,  40  Wall  St.;  resi- 
dence, 80  Washington  Square  E., 
New  York  City.  Nov.  22,  1901 

Wheildon,  Louis  B.  Contractor    and    Expert,     1027   Ex- 

change Building,  Boston,  Mass.  Oct.    24,  1900 

Whitaker,  S.  Edgar  Sec'y  and  Treas.,  Massachusetts  En- 
gineering Co.,  Street  Railways, 
Room  I,  43  Milk  St..  Boston,  Mass.; 
residence,  135  Shurtleff  St. ,  Chelsea, 
Mass.  Aug.     5,  1896 

White,  Chas.  G.  Public  Schools  Sup't,  and  Instructor 

in    Physics  and    Chemistry,    I^ke 
Linden,  Mich.  Sept.  23,  1896 

Whitehead,  John  B.,  Jr.,  Associate  in  Applied  Electricity, 
Johns-Hopkins  University,  Balti- 
more, Md.  Oct.    24,  1900 

White,  Francis  Joseph  Student,  Columbia  University ;  resi- 
dence, 51  St.  John's  Place,  Brook- 
lyn, N.  Y.  April  25,  1902 

White,  Linden  G.  Superintendent  Electrical  Department 

The  Columbus  Edison  Co  ,  3d  and 
Gay  Sts.,  Columbus,  Ohio.  Mar.  28,  1902 

Whiteside,  Walter  Hunter  Manager,  Westinghouse  E.  & 
M.  Co  ,  East  Pittsburg  ;  residence, 
6843  Thomas  Boulevard,  Pittsbhrg. 
Pa.  Jan.    24,  1902 
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Whiting,  Allen  H.  Assistant    Engineer,    Riker    Electric 

Vehicle  Co.,  Elizabethport,  N.  J. 
residence,  320  Lexington  Ave., 
New  York  City. 

Assistant  in  Electrical  Dep*t.,  Harvard 
University;  residence,  11  Ware  St., 
Cambridge,  Mass. 

Electrical  Engineer,  General  Electric 
Co.,  Edison  Building,  Box  3067, 
New  York  City. 

Whitney,  Clinton  Eugene  Electrical  and  Mechanical  En- 
gineer, 553  South  6th  Ave.,  Mt. 
Vernon,  N.  Y. 


Whiting,  S.  E. 
Whitmofe,  W.  G. 


Whitney,  Henry  M. 

LLife  Member.*] 

Whitney  Willis  R. 


95  Milk  St.,  Boston,  Mass. 

Asst.  Prof.  Theoretical  Chemistry, 
Massachusetts  Institute  Technology, 
in  charge  of  Electro»Chemical  Re- 
search  Laboratory,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Whitted,  Thos.  Bykd  District  Engineer.  The  General  Elec- 
tric Co.,  Denver,  Col. 

Whittkmork,  Gkorgr  W.  Engineer  Bell  Telephone  Co.,  24  W. 
Seneca  St  ,  Buffalo,  N.  Y. 

Widdicombe,  Robert  A.  Engineer,  Western  Eltctric  Co.: 
residence,  165 1  Roscoe  St.,  Chi- 
cago, 111. 

Wiederhold,  Oscar  Supt.  Natural  Light  Supply  Co.,  90 
Orange  St.,  residence,  14  Grace  St., 
Bloomfield,  N.  J. 

Wieselgreen,  Carl  Emil  AUgemeine  Electricitats  Gesell- 
schaft,  Brunnenstrasse,  Berlin,  Ger. 


WiGHTMAN,  Merle  J. 


Electrical    Engineer,  150  Nassau  St., 
New  York  Citv. 


Wilder,  Henry  Wlndsor  Electrical  Engineer,  Hudson  River 
Telephone  Co.,  Albany,  N.  Y. 

Wiler,  Carl  Electrical  Engineer,  Western  Electric 

Co.,  Chicago,  III. 

Wiley,  Geo.  Lourie  Manager,  Standard  Underground 
Cable  Co.,  56  Liberty  St.,  New 
York,  residence,  Arlington,  N.  J. 


Wiley,  Wm.  H. 
WiLKKS,  C.  M., 
Wilkinson,  James 

Williams,  Arthur 

(19) 


Scientific  Expert,  43  E.  igth  St.,  New 
York  City. 

Engineer,  D.  H.  Burnham  &  Co., 
1142  The  Rookery,  Chicago,  III. 

Chief  Engineer  Birmingham  Railway, 
Light  and  Power  Co. ;  residence, 
1 2 12    North  17th  St.,  Birmingham, 

Ala. 

General  Inspector,  The  New  York 
Edison  Co.,  of  New  Yoik;  resi- 
dence, 261  Linden  Boulevard, 
Brooklyn,  N.  Y. 


Date  of  Election. 

Nov.  18,  1896 

May  i6»  1899 

Mar.  18,  1S90 

Nov.  22,  1899 
July  12,  1887 

May  2r,  1901 
Mar.  22,  1899 
Jan.  3.  1902 

Apr.  26,  1899 

Aug.  13,  1897 
Oct  24,  1900 
Mar.  5,  1889 
Sept.  27,  1901 
Sept.  27.  1901 

Feb.  28,  1900 
Feb.  7,  1888 
Nov,  22,  1899 

Feb.  28,  1902 

Jane    23, 1897 
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Williams,  Charles  Jr.  Electrician,  i  Arlington  Street,  East 
Somerville,  Mass. 

Williams,  Geo.  Henry  Lulworth,  St.  Andrews  Park,  Bristol, 
England. 

Williams,  William  Henry  Professor  of  Electrical  Engineer- 
ing, Montana  State  College,  Boze- 
man,  Mont. 

Wilson,  Henry  Clinton  Chief  Engineer,  Chapman  Double 
Ball  Bearing  Co.,  49  Wall  St.,  New 
York  City. 

Wilson,  Robert  Lee  Constructing  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.;  residence. 
The  "Gainsborough,"  5th  Ave.  & 
i2Gth  St.,  New  York  City. 

Royal  Electric  Co.;  residence,  23 
Seymour  Ave.,  Montreal,  P.  Q. 

Engineer  and  Supt.,  Schleicher, 
Schumm  &  Co.,  3200  Arch  St., 
Philadelphia,  Pa. 

Winchester,  Samuel  B.  Superintendent  Electrical  Depart- 
ment, of  the  Holyoke  Water  Power 
Co.,  5  Laurel  St.,  Holyoke,  Mass. 


Wilson,  Robert  M. 
WiNAND,  Paul  A.  N. 


WiNFiELD,  James  H. 
WiNlLOW,  I.  E. 

Wintner,   Louis 


Wintrinoham,  J.  P. 
Wirt,  Herbert  C. 
Wise,  John  Shreeve,  Jr., 


General  Manager,  Nova  Scotia  Tele- 
phone, Ltd.,  Box  343,  Halifax,  N.  S. 

The  General  Traction  Company,  Ltd., 
35  Parliament  Street,  Westminster, 
London,  Eng. 

Engineer  Switchboard  Department, 
General  Incandescent  Arc  Light 
Co.,  572  First  Ave.,  New  York 
City. 

Theorist,  36  Pine  St.,  New  York  City, 
and  153  Henry  St.,  Brooklyn.  N.Y. 


Engineer,  Supply  Department,  General 
Electric  Co.,  Schenectady,  N.  Y. 

Assistant  Supt..  Auburn  Light, 
Heat  and  Power  Co..  Auburn,  N. 
Y.;  residence,  2023  Mt.  Vernon  St., 
Philadelphia,  Pa. 

Wolf,  Lee  H.  Contracting  and  Engineering,    Hono- 

lulu, H.  I. 

Wolfe,  Joseph  Thomas  General  Engineer  and  Sales  Agent, 
Noyes  Bros..  15  Queen  St.,  Mel- 
bourne, Victoria. 


Wolff,  Frank  A.  Jr. 

Woodbridge,  J.  E. 
(18) 


Professor  of  Physics  and  Electrical 
Engineering.  Corcoran  Scientific 
School.  Columbian  University,  and 
in  office  U.  S.  Standard  Weights 
and  Measures.  Washington,  D.  C. 

Railway  Engineering  Department, 
General  Electric  Co.,  Schenectady, 
N.  Y. 


Datt  of  Election. 
April  15,  1884 

Oct.  27,  1897 
Sept.  28,  189I 
Sept.  27,  1901 

June  28,  1901 
Jan.  25,  i8q9 

June  20,  1894 

May  15,  1894 
May  17,  1898 

Nov.  12,  1889 

May  21,  1901 
May  7,  1(89 
June   26,  1 891 

Feb.  15,  1896 
Oct.    24,  1900 

June    28,  1901 

Dec.  27,  1899 
Oct.    26,  189I 
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Woodbury,  Daniel  Coryton  Student,  Stevens  Institute  of 
Technology;  residence,  934  Bloom- 
fieid  St..  Hoboken.  N.  J. 

WooDFiELD,  Sydney  Assistant  Engineer  Electrical  Power 
Distribution  Co.,  York  House,  Nor- 
folk St. ;  residence,  24  Sinclair  Gar- 
dens, Kensington,  London,  Eng. 

Woodward,  Frederick  Searle  Residence,  265  Prospect  PI., 
Brooklyn,  N.  Y. 

WooDWORTH,  Geo.  K  Assistant  Examiner,  U.  S.  Patent 
Oflfice:  residence,  1424  S  St..  N.  W.. 
Washington,  D.  C. 

WooDwoRTH,  LsoN  Byron  Electrical  Engineer,  New  Heriot 
Gold  Mining  Co.,  Johannesburg, 
Transvaal. 

Woodworth,  Philip  Bell,  Professor  of  Electrical  Engineer- 
ing, Lewis  Institute,  Chicago;  resi- 
dence,   5808  Ohio  St..  Austin,  III. 

WooLF,  Albert  E. 


Electrician  and  Inventor,  The  Electro- 
zone  Co  ,  415  Lexington  Ave.,  New 
York  City. 

Vice-President  and  Resident  Engineer 
F.  C.  D.,  3rd  Calla  de  las  Artes, 
Mexico  City. 

Superintendent  of  Maintenance,  Chi- 
cago Telephone  Co.,  203  Washing- 
ton St. ,  Chicago,  111. 

Eastern  Manager  McRoy  Clay  Works, 
302  Broadway,  Room  907,  New 
York  City. 

Electrical  Engineer,  Westinghouse 
Elec.  &  Mfg.  Co.,  120  Broadway, 
New  York  City. 

Student  of  Electrical  Engineering, 
Cornell  University,  408  University 
Ave.,  Ithata,  N.  Y.;  residence, 
Tokyo,  Japan. 

YoRKE,  George  Marsh  \i.l  Assistant  Electrician  American 
Telephone  and  Tel.  Co. ;  1$  Dey 
St.,  residence,  44  Irving  Place,  New 
York  City. 


WORSWICK,  A.  E. 


Wray,  J.  Glen 


Yarnall,  Vernon  H. 


YouNO,  Charles  I. 


Yamazaki,  Shiro 


Yslas,  Carlos 


Zabbl,  Max  W. 


Zahm,  A.  Wilford 


Civil  and  Electrical  Engineer,  Mar- 
tinez del  Villar,  Yslas  &  Co.,  Calle 
Principal,  No.  8. 

Patent  Solicitor,  with  Chas.  A.  Brown, 
Cragg  &  Bel  field,  1450  Manadnock, 
residence,  454  North  Ave.,  Chicago, 
III. 

Electrical  Engineer  and  Supt*,  Man- 
hattan Light.  Heat  and  Power  Co., 
Manhattan  Building,  St.  Paul,  Minn. 


Election. 
Apr.    25,  1909 

Feb.  28,  XQoa 
June  88,  X90X 

Feb.    17,  1897 

Nov.  23,  1900 

July    la,  1900 

Sept.  16,  i9qm 

Sept.  so,  189s 

Sept*  ao,  1899 

May    i6,  189) 

June    37,  189s 

Jan.  24,  1903 

Apr.    35,  1903 
Not.  i8,  1896 

Jan.    34,  X900 
Nor.  33,  X898 
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Zalinski,  Edmund  L.  Captain  of  Artillery,  U.  S.  A., 
(retired),  The  Century,  7  West  43d 
St.,  New  York  City.  May    17,  18I7 

Zani,  Arnaldo  p.  Electrical     Engineer,     Thomson- 

Houston    Co.,   Piazza    Cartelio    5, 
Milano,  Italy.  July    12,  1900 

Zapata,  J.  M.  Constructing     Engineer,    Compandia 

Carris  de  Ferro  de  Lisbon,  Lisbon, 
Portugal.  Feb,  28,  1900 

ZURFLUH,  William  Nicholas  Superintendent  Home  Lighting 
Power  &  Heating  Co.,  Room  11, 
Arcade  Building,  Springfield,  Ohio.     Jan.    3,    1902 

ZwiETUscH,  Edward  Otto    Electrical  Engineer,  Telephon  Ap- 
parat   Fabrik  Petsch,   Zwietusch  & 
Co.,    Salzufer    7,     Charlottenburg, 
(s)  Germany.  Nov.   22,    1961 

Associate  Members,        •        -        -        .         1 141 

OFFICIAL  STENOGRAPHER 

Ryan,  Richard  W.,  150   Nassau  Street,  Telephone,  3448  John.     Residence, 
521  W.  150th  St.,  New  York  City. 

SUMMARY. 
Honorary  Members,         ..-...-  a 
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AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 
GEOGRAPHICAL  DISTRIBUTION  OF  MEMBERSHIP. 

(Revised  to  May  jst,  ipo2.) 


NORTH  AMERICA. 


UNITED  STATES. 


ALABAMA. 

Birmingham. 
Harris,  G.  H. 
Wilkinson,  James. 

Mobile— Shaffncr,  S.  C. 
Montgomery. —Jones,  H.  C. 


ARKANSAS. 

Fayctteville.— Gladson,  W.  N. 
Little  Rock.— Keller,  C.  A. 


CALIFORNIA. 

Auburn.— Robinson,  A.  L. 

Bakersficld.— Bowie,  A.  J.  Jr. 

Berkeley. 

Cory.  Prof.  C.  L. 
,Le  Conte,  Joaeph  N. 
Lynn.  W.  A. 
Mortimer,  J  as.  D. 
Smith,  W.  Stuart. 

Colusa. — Downing,  P.  M. 

Haywards.— Clement,  L.  M. 

Jackson. 
Boyd,  J.  D. 
Fry.  D.  H. 

Long  Beach.— Griffes,  E.  V. 

Los  Angeles. 
Baldwin,  G.  P. 
Cooke,  G.  A. 
Copeland,  C.  A. 

Marysville.— Theberath,  T.  E. 

Nevada  City.— Hancock,  L.  M. 

Oakland. 
Gavtes,  Herbert,  395  Vernon  St. 
Holberton.  G.  C,  13th  &  Clay  Sts. 

Oroville,  Montague,  R.  L. 

Pasadena.— Footc,  T.  H. 

Riverside.- Henderson,  H.  B. 

Sacramento. 

Crowell,  Robinson 
Hutton,  C.  W. 
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San  Francisco. 
Allen,  W.  H.,  331  Pine  St. 
Barbour,  Fred  F.,  Claus  Spreckcls  Eg. 
Broili,  Frank,  154  Hickory  Ave. 
Bunker,  A.  C,  238  Crocker  B'ld'g. 
Daggett,  R.  B.,  42  Nevada  Block. 
Foster,  S.  L.,  Market  &  Valencia. 
Glass.  Louis,  Telephone  Bldg. 
Greenwood,  F.  A.,  409  Market  St. 
Hanscom,  W.  W.,  612  O'Farrell  St. 
Henry,  G.  J.,  Jr.,  127  Main  St. 
Hewitt,  Wm.  R.,  9  Brenham  Place 
Hitzeroth,  L.  D.,  18  Second  St. 
Hunt,  A.  M..  331  Pine  St. 
Knight,  P.  H. 

Lee,  K.  V.  T.,  33  New  Montgomery 
Lightbipc,  Jas.  A.,  Claus Spreckelt  Bg. 
Low,  George  P.,  320  California  St. 
Martin,  John,  33  New  Montgomery 
Masson,  R.  S.,  321  Market  St. 
Meredith,  Wynn,  331  Pine  St. 
Molera,  E.  J.  606  Clay  St. 
Napthaly,  S.  L.,  229  Stephenson  St. 
Poole.  C.  O.,  Crocker  B'ld'g. 
Ridley.  A.  E.  B.,  598  Parrott  B'ld'g 
Russell,  H.  A.,  302  Laurel  St. 
Smith,  F.  E.,  183  Jessie  St. 
Varney,  F.  H.,  2912  Mission  St. 
Waller,  C.  W.,  Claus Sprcckels Bldg.  26 

San  Rafael.— Rfemschel,  C.  W.  A. 

Stanford  University.— Baum,  F.  G. 

Stockton.— Adams,  F.  P. 


COLORADO. 

Aspen. — Doolittle,  Clarence  E. 

Canon  City.— Wilcox.  N.  T. 

Denver. 
Hogan,  C.  W. 

Searing,  L.,  924  Washington  Ave. 
Sethman,  G.  H.,  2305  Boulevard  F. 
Stearns,  J.  W.  Mountain  Elcc.  Co. 
Vandegrift,  J.  A.,  2051  California  St. 
Whitted,  T.  B.,  Kittrcdge  B'ld'g. 

Pueblo.— Frcudenbcrgcr,  W.  K. 
Silverton.— Holt,  M.B. 
Telluride. 

Nunn,  Paul  N. 
Ruffner,  C.  S, 
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Connecticut,  Ddaware,  DU.  of  Columbia,  Florida,  Georgia,  Idaho,  IlHnois.l02B 


CONNECTICUT. 

Ansosia. — Grower,  George.  G. 

Bridgeport. 
Crocker,  E.  C.,  aq  Harriet! 
Powell,  P.  H..  Bridgeport  Brass  Co.     2 

Danbury.— Nock,  Geo.  W. 

Hartford. 
Corson,  W.  R.  C,  440  Capitol  Ave. 
Robb,  Prof.  Wm.  L.,  Trinity  College. 
Sachs,  Jos.,  The  Johns-Pratt  Co. 
Strong.  F.  G.,  Box  959.  4 

Middletown.  — Raub,  C.  B. 

New  London.— Storrs,  H.  A. 

New  Haven. 
Event,  E.  H.,  641  Whitney  Ave. 
Heft,  N.  H.,  N.Y.N.  H.&H.R.R. 
Sykes,  H.  H. 
Vinton,  E.  S.,  Sargent  &  Co.  4 

South  Norwalk.— Winchester,  A. E. 

South  Manchester.— Adams,  J.  L. 

Wallingrford.— Pierce,  A.  L. 

Windsor. 
Dopp,  W.  H.,  Eddy  Electric  Mfg.  Co. 

Heath.  Harry  E.,  '*        

Rodgers,  A.  G.      " 

DELAWARE. 
Wilmington.— Van  Trump,  C.  R. 


DISTRICT  OF  COLUMBIA. 

Washington. 
Allen,  W.  C.  District  B'ld'g 
Bctts,  Philander,  6ir  14th  St.,  N.  W. 
Bliss,  L   D.,  61412th  St. 
Byrnes,  Eugene  A.,  U.  S.  Patent  Office. 
Clement,  E.  E.,  908  G.  St  ,  N.  W. 
Crain,  J.  J.,  2000  H  St..  N.  W. 
Crosby,  O.  T.,  1417  G  St. 
Dietcrich.  F.  G.,  602  F  St. 
Fessenden,  R.  A.,  Weather  Bureau. 
Freeman,  Frank  L.,  931  F  St. 
Hall.  C.  M.,  7th  St.  &  R.  I.  Ave. 
Hopkins,  N.M.,  1730  I.  St.,  N.  W. 
Ives,  E.  B.,  c/o  War  Dcpt. 
Jackson.  W.  S.,  325  Spruce  St. 
Lyons,  Joseph,  908  G  St. 
Mauro,  Philip.  620  F  St. 
Maynard,  G.  C.,  Smithsonian  Inst. 
Reber,  Samuel,  Army  Headquarters. 
Roller,  J.  E.,  U.  S.  Navy  Dept. 
Rosa,  £.  B.,  Nat'l  Bureau  of  Standards. 
Russel,  Edgar,  War  Department. 
Seabrook,  H.  H.,  1317  F.  St. 
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Washington.— Continued. 

Shea,  D.  W.,  Catholic  University 
Sturtevant,  Charles  L.,  Atlantic  B'ldg. 
Tapley.  W.  H.,  Gov.  Printing  Office 
Town.  F.  E.,  Treasury  Department. 
Wolff,  F.  A.  Jr.,  Columbian  UnivV. 
i,G.K.      ~  -     


Wood  worth. 


,4RSt.,N.W.      98 


FLORIDA. 
Jacksonville. 
Hammatt,  C.  S. 
Henry,  G.  C. 


Atlanta. 


GEORGIA. 


Burkett.  C.  W.,  311  Austell  Building. 
Ford.  A.  H.,  School  of  Tech. 
Schocn,  A.  M.,  433  Equitable  B'ld'g. 
Wotton,  J.  A..  Box  543.  4 

Augusta. 
Edwards,  Jas.  P. 
Moore.  W.  E.  9 

Columbus.— Boileau,  W.  E. 

Macon.— Nyhan,  J.  T. 

Savannah. — Nunn.  Richard  ].,M.D. 

IDAHO. 

Dewey. —Phillips,  L.  A. 


ILLINOIS. 
Alton. 
Porter,  J.  F.,  205  Market  St. 

Chicago. 

Abbott,  W.  L.,  139  Adams  St. 
Armstrong,  C.  G.,  Fisher  B'ld'g 
Arnold,  Bion  J.,  1541  Marquette  B'ld'g 
Arnold,  W.  S.,  Monadnock  B'ld'g. 
Atkins,  C.  G.,  iiro  Monadnock  B'ld'g 
Ayres,  A.  D,  171  La  Salic  St. 
Badt,  Lt.  Francis  B.,  1504  Monadnock 
Bailey,  T.  P. ,  1047  Monadnock  Bldg. 
Ball,  W.  D.,  614  Rookery. 
Barnett,  C.  P.,  41st  St.  &  Ashland  Ave. 
Barton.  Enos  M.,  259  South  Clinton  St. 
Bergenthal,  V.  W.,  15  Monadnock  Bl'k. 
Boggs  L.  S  ,  1000-46  E.  Van  BurenSt. 
BrinckerhoflF,  H.M.,  looi  Royal  Ins.Bg. 
Brown,  C.  L.,  312  Fisher  B'ld'g. 
Carlton.  W.  G.    139  Adams  St. 
Clark,  E.  B.,  Illinois  Steel  Co. 
Crandall,  Chester  D.,  259  S.  Clinton  St. 
Cravath,  J.  R.,  11 39  Monadnock  Block 
De  Crow,  C.  E.,  242  S.  JeflFerson  St. 
Damon,  G.  A.,  1 541  Marquette  B'ld'g 
de  Khotinsky.  A.,  5526  Jefferson  Ave. 
Dommerque,F. J.. Congress  &  Green Sts, 
Dresser,  C.  A.,  i8o3  Fisher  Bldg. 
Dryer,  Ervin.,  171  La  Salle  St. 
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Chicago .— Continued . 

Dunbar,  F.  W..  Congress  &  Green  Sti. 
Eastman,  G.  N.,  139  Adams  St. 
Eddy.  H.  C.  Lees  Building 
Ferguson,  1^.  A.,  139  Adams  St. 
Frantxen,  Arthur,  225  Dearborn  St. 
Gaylord.  T.  P.,  171  La  Salle  St. 
Gear,  H.  B.,  139  A^'ams  St. 
Gibson,  J.  J.,  171  La  Salle  St. 
Goltz,  \Vm.,  1504  Monadnock  B'ld'g 
Hartwcll.  Arthur,  171  La  Salle  St. 
Haubrich.  A    M.  72  W.  Jackson  Boul. 
Hellick,  C.  G..  203  Washington  St. 
Herdman,  F.  E.,  Otis  Elevaior  Co. 
Hibbard,  Angus  S.  203  Washington  St. 
Holbrook,  F    Nf..  Old  Colony  Bldg. 
Huguet,  C.  K.,  752  Jackson  Boulevard 
Insull.  Samuel.  139  Adams  St. 
Junkcrsfeld,  Peter,  139  Adams  St. 
King,  H.  R.,  Western  Electric  Co. 
Kinsley,  Carl.  Quadrangle  Club. 
Knox.  G.  W.,  2329  Magnolia  Ave. 
Kreidler,  W.  A..  510  Marquette  B'ld'g 
Lansingh,  V.  R.,  1610  Fisher  Bldg, 
Lloyd,  E.  W.,  139  Adams  St. 
Lukes.  G.  H..  139  Adams  St. 
Lyman,  James,  Monadnock  B'ld'g 
Macomber,  L  J.,  Armour  Inst. 
Mayer.  G.  M.,  1581  Monadnock  B*ld'g. 
McBcrty,  F.  M.,  W'cstern  Electric  Co. 
Miller,  K.  B.,  Congress  &  Green  Sts. 
Morehead,  J.  M.,  157  Michigan  Ave. 
Neiler.  S.  G.,  1409  Manhattan  B'ld'g 
Niesz,  H.  E..  139  Adams  St. 
Pearson.  F.  J.,  3S41  West  63d  Place. 
Pierce,  R.  H..  1409  Manhattan  B'ld'g 
Reichmann,  F.,  University  of  Chicago. 
Rideout.  A.  C.  10 r  Randolph  St. 
Schildhauer  Edw.,  139  Adams  St. 
Schweitzer,  E.  O.,  667  Lincoln  Ave. 
Scribner,  C.  E  ,  259  So.  Clinton  St. 
Scarles,  A.  L..  Marquette  B'ld'g 
Summers,  Leland  L.,  441  Rookery 
Thordarsson,  C.  H.,  128  LaSalle  Ave. 
Wait,  Henry  H.,  259  So.  Clinton  St. 
Warner,  E.  P.,  259  So.  Clinton  St. 
Widdicombe,  R.  A..  2«?9  S.  Clinton  St. 
Wiler,  Carl,  Western  Electric  Co. 
Wilkes,  C.  M.,  1142  The  Rookery 
Wood  worth,  P.  B.,  Lewis  Inst. 
Wray,  J.  G.,  203  W^ashington  St. 
Zabcl,  M.  W.  1450  Monadnock  B'ld'g. 

76 
Kane.— Dressel,  J.  H. 

Mayweed. — Kennedy,  A.  P. 

Oak  Park.— Bentley,  M.  H. 

Peoria — Gutmann,  L. 

Pullmann,  Etheridge,  Locke. 
Quincy.— Chubbuck,  H.  E. 
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Springfield. 

Urbana. 

Brooks,  Morgan. 
Browne,  W.  H.,  Jr. 


>Lanphier,  R,  C. 


INDIANA. 
Anderson.— Richey,  A.  S. 
Fort  Wayne. 

Barnes.  Edw.  A.  Ft  Wayne  Electric  Co. 
Crawford.  D.  F.,  P.  R.  R. 
Uadley,  A.  L..  Ft.  Wayne  Elec.  Works 
Hunting,  F.  S.,  325  W.  Washington  St. 

4 
Indianapolis. 

Green,  E.  C,  1710  Prospect  St. 
Marsh,    H.    B.,    The    Sanborn-Marsh 

Electric  Co.  3 

Geneva. 
MacFaddcn,  C.  K. 
Thayer,  G.  L.,  2 

Lafayette. 
Duncan.  Thomas 

Esterline,  J.  W..  Purdue  University. 
Goldsborough,  W.  K.,  113  South  St. 
Kelsey.  J.  C. 
Matthews,  C.  P.,  168  Pierce  St.  5 


IOWA. 

Ames. — Lanphear,  B.  S. 

Des  Moines. — Cunningham,  E.  R. 

Montezuma. — Mortland,  J.  A. 


KANSAS. 
Topeka. 
McVay.  H.  D. 
Pen  Dell,  C.  W.,  A.  T.  &.  S. 

Wichita.— Baker,  A.  O. 


F.  Ry.  2 


KENTUCKY. 

Louisville. 
Hubley,  G.  W.,  14th  &  Magazine  Sts. 


LOUISIANA. 

New  Orleans. 

Anderson.  D.  S..  Tulane  University. 
Ayres,  Brown,  Tulane  University. 
Offutt,  A.,  Und.  Inspection  Bur. 
Venable,  W.  M.,  713  Hennen  Bldg.     4 
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MAINE. 
Lewiston. — Robinson,  Almon 
Orono.— Webb,  Howard  S. 
Portland.— Mather,  E.  H. 


MARYLAND. 

Annapolis. — Dodge,  O.  G. 

Baltimore. 
Brown,  H.  T.,  1500  Con.  Trust  BMd'g. 
Browne.  S.  H..  Md.  Tel.  B'ldg 
Ellard.  John  W.,  220  East  German  St. 
Hall,  Clayton  C,  10  South  St. 
Holmes,  G.  R  ,  215  No.  Calvert  5t. 
Keilholtz.  P.  O..  Con.  Trust  B'ld'g. 
McCay,  H.  K.,  107  E.  German  St. 
Morrison,  J.  Frank,  15  South  St. 
Northrup,  E.  ?'.,  710  N.  Howard  St. 
Schoolfield,  F.  R.,  7[3W.  Fayette  St. 
Schwab.  M.  C.  17  q  Madison  Ave 
Scott.  J.  B.,  8u8  Maryland  Trust  B'ld'g 
Straus,  Thco.,  13  W.  Pratt  St. 
Varney,  W.  W..  712  N.  Carey  St. 
Whitehead,  J.  B.  Jr.,  Johns  Hopk's  Un. 
Young.  W.  D.,  Rolaiid  Park  16 


MASSACHUSETTS. 

Amherst. — Barry,  David 

Andover.— Coleman,  W.  H. 

Auburndale. — Bbke,  Francis 

Boston. 

Adams.  A.  D.,  Box  1377 
Bailey,  L   W..  8  Oliver  St. 
Baker,  J.  B.,  40  Lincoln  St. 
Baldwin,  J    C.  T.,  125  Milk  St. 
Bancroft.  C.  F..  14  Kilby  St. 
Blodgett,  Geo.  W..  B.  &  A.  R.  K. 
Blood,  J.  K..  10  Post  Office  Square. 
Bullen.  D.  R.,  200  Summer  St. 
Burleigh,  Chas.  B.,  200  Summer  St. 
Cabot.  F.  E.,  55  Kilby  St. 
Cabot,  Sewall,  loi  Milk  St. 
Childs,  A.  E.,  23  Central  St. 
Codman.  J.  S..  31  Milk  St. 
Cross,  Chas.  R.,  Mass.  Inst.  Tech. 
Davis,  P.  W.,  Elec.  Stor.  Bat.  Co. 
Doohttle,  Thos.  B.,  125  Milk  St. 
Edgar,  C.  L..  -o  State  St. 
Erickson,  F.  Wm.,  280  Devonshire  St. 
Fish.  F.  P..  125  Milk  St. 
Ford,  Wm.  S.,  Room  73, 125  Milk  St. 
Garratt,  A.  V.,  36  Whitticr  St. 
Goddard.  CM.,  ^5  Kilby  St. 
Hamilton,  Jas.,  53  State  St. 
Hayes.  Hammond  V.,  12^  Milk  St. 
Herrick.  Charles  H.,  3  Head  Place 
Hosmer,  Sidnty,  Ames  Building 
Le  Clear.  Gifford.  15  Exchange  St. 
Lee,  J.  C.  125  Milk  St. 
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Boston.— Continued. 

Ix)ckwood,  Thomas  D.,  125  Milk  St. 
McGrath,  W.  H.,  93  Federal  St. 
Morgan,  C.  L.,  3  Head  Place. 
Paine.  Sidney  B.,  200  Summer  St. 
Pickernell.  F.  A.,  125  Milk  St. 
Pufifer.  Wm.  L..  Mass.  Inst,  of  Tech. 
Richards,  C.  W.,  178  Devonshire  St, 
Robb,  Russell,  93  Federal  St. 
Ross,  Norman  N..  203  Equitable  Bldg. 
Smith,  W.  L.,  360  Marlborough  St. 
Smith,  F.  B..  170  Summer  St. 
Spaulding,  H.  C  .  Equitable  B'ld'g. 
Stearns.  C.  K.,  93  Federal  St. 
Stone,  Charles  A.,  93  Federal  St. 
Sweetland,  Ralph,  5S  Kilby  St. 
Viche,  J.  S.,  103  Circuit  St. 
Wallace,  C.  F.,  93  Federal  St. 
Warren.  H.  E.,  36  Whittier  St. 
Webster,  Edwin  S.,  93  Federal  St. 
Wheildon,  L.  B.,  1027  E.xchange  Bldg. 
Whitaker.  S.  E.,  43  Milk  St 
Whitney,  Henry  M.,  95  Milk  St. 
Whitney,  W.  R.,  Mass.  Inst.  Tech.      51 

Brookline. 

Bell,  Louis 

Fleming,  J.  F. 

Holtzer.  Chas.  W.  3 

Cambridg;e. 

Adams,  C.  A,.  Jr.,  13  Farrar  St. 
Ayer,  Jas.  I.,  Franklin  &  Sidney  Sts. 
Blackwell.  H.  L.,  13  Little's  Block. 
Clark,  W.  E.,  1400  Mass.  Ave. 
Whiting.  S.  E..  n  Ware  St.  5 

Cambridgeport. — Hopewell,  C.  F. 

Danvers.— Hood,  R.  O. 

East  Saugjis.— Fog,  C.  F. 

East  Somc'rville.— Williams  C,  Jr. 

Fall  River.— Warner,  C.  H. 

Great  Barrington.— Stanley.  Wm. 

Holyoke.— Winchester,  S.  B. 

Hudson. — Lawrence,  W.  G. 

Jamaica  Plain. 
Balcoroe,  H.  A. 
Brophy,  Wm.,  17  Egleston  St.  2 

Lawrence. — Humphreys,  C.  J.  R. 

Lynn. 

Boyer,  E.  E.,  Gen'l  Electric  Co. 

Cox.  F.  P.. 

Fish.  Walter  C.     " 

Fleming,  Richard,  " 

Hopkins,  N.  S.,     ** 

Lemp,  H.  Jr., 

Murphy,  E.  J.,       *' 

Pratt    W.  H., 

Ryan.  W.  D.  A.     * 

Thomson,  Elihu,    *'        •*  10 
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Marlborough.— Doane,  S.  E. 

Nantucket,  5?V7jf^wj^/.—Pfund.  R. 

Natick. 
Appleyard,  A.  E. 
Gale,  H.  B. 

Pittsfield. 

Barnes,  H.  H. 

Chcsney,  C.  C,  Stanley  Electric  Co. 

Dodd,  S   T., 

Heitmann,  E.  Jr.,    ** 

Jackson,  VV..B.        " 

Kelly,  J.  F., 

Kline.  J.  J., 

Mudgej  A.  L.,  " 

Pcrrine,  F.  A.  C,    *' 

Rushmore,  D.  B.,    " 

Thompson,  E.  J.,     '• 

Tobey,  H.  W., 

Tnicsdell,  A.  E.,  50  Brenton   Terrace. 

Springfield.  13 

Anderson,  H.  S.,  United  E.  L.'  Co. 
Hyde,  Jerome  W..  Wason  Bailding 
Mulligan,  W.  L.,  United  Elcc.  I.t.  Co. 

3 

Slockbridgc.— Field,  S.  D. 

Winchester.— Da Tenport,  Geo.  W. 

Worcester. 

Coghlin,  J.  P.,  24  Pearl  St. 
Hahkins,  W.  E.,  Am.  Steel  &  Wire  Co. 
Jones,  F.  R.,  Polytechnic  Inst. 
Latham,  H.M.,  Am.  Steel  and  Wire  Co. 
Smith,  H.  B..  Polytechnic  Inst.  5 

MICHIGAN 

Ann  Arbor. 

Carhart.  H.  S. 

French,  Thos.,  Jr.,  114  N.  Ingalls  St. 

Patterson,  G.W.,  Jr.,  814  S.Univ.Av.  3 

Ba-  City.—Fitzhugh,  W.  H. 

Detroit. 

Blades,  Harry  H.,  419  Cass  Ave. 
Dow,  Alex,  18  Washington  Ave. 
Field.  H.  G.,1203  Majestic  B'ld'g 
Jackson,  E.  D.,  82  Beech  St. 
Livsey,  J.  H.,  704  Chamber  of  Com. 
Phelps,  W.  J. 

Ray,  \\\  D.,  1201  Chamber  of  Com. 
Stewart,  R.  S.,  440  Jefferson  Ave.        8 

Grand  Rapids. 
Cody,  L.  P. 
Lamb,  F.  J.  2 

Lake  Linden.— White,  C.  G. 

Monroe.— Reilly,  H.  W. 

Sault  Ste.  Mar.e.— Edmands,  J.  R. 

(I* 


MINNESOTA. 
Minneapolis. 
Burch,  £.  P.,  1210  Guaranty  Building. 
Flathcr,  J.  J.,  1103  Fourth  St. 
Pillsbury,  C.  L.,  Andrus  Building. 
Rcid,  William,  Telephone  Building. 
Shepbardson,  G.  D.,   Univ.  of  Minn. 
Springer,  F.  W^.,  Univ.  of  Minn.         6 

St.  Paul. 

Gillc,  H.  J.,  St.  Paul  Gas  Light  Co. 
Simpson,  J.  M.,  Am.  Grass  Twine  Co. 
Zahm,  A.'W.,  Manhattan  Building.      3 

Willmar. — Johnson,  A.  C. 


MISSISSIPPI. 
Meridian.—Ellis,  R.  I^urie. 
Vicksburg. — George,  J.  Z. 


MISSOURI. 
Columbia.— Shaw,  H.  B. 
Crystal  City.— Bausch,  F.  E.,  Pitts- 
burg Plate  Glass  Co. 

Kansas  City. 
Kent,  J.  M..  M.  T.  High  School. 
Morgan.  J.  L.,  City  Hall. 
Richardson,  R.  E. 
Weeks,  E.  R.,  606  New  Nelson  Bldg.    4 

St.  Louis. 
Durant,  Geo.  F..  Telephone  BMdg 
Garrels.  W.  L.,  3  Franklin  Bk.  Bldg. 
Hessenbruch,  G.  S..  205  Union  Siaiion 

Terminal. 
IIumphrey,H.H.,i305  Chemical  BMd'g. 
Klauder,  R.  H..  817  Wainwright  Bldg. 
Layman,  W.  A.,  2017  Locust  St. 
Peticolas,  S.  G.,  2017  Locust  St. 
Randall,  J.  E.,  1912  Olive  St. 
Roper,  D.  W.,  920  Rialto  Bldg. 
Rustin,  Henry.  World's  Fair. 
Schlosser,  F.  G..  4"  No-  "th  St. 
Schwedtmann   F.,  2017  Locust  St. 
Swope.  Gerard,  810  Spruce  St. 
W^ells,  G.  E.,  817  Clarendon  Ave.        14 


MONTANA. 

Anaconda.— Magnus,  B. 
Bozeman. — Williams,  W.  H. 
Great  Falls. — Morrow,  John  T. 
Helena.— Gerry,  M.  H.  Jr. 


NEBRASKA. 
Gering.— Snyder,  N.  M. 
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Nebraska.— Continued. 
Omaba. 
Schurig,  E.  F.,  306  City  Hall. 

NEVADA. 
Virginia  City.— Fielding,  Frank  E. 


NEW  HAMPSHIRE. 
Concord.— Albin,  H.  A. 
Mancbester. 

Clough,  A.  L.,  Box  114 

Smith,  J.  Brodie.  143  Merrimack  St. 


NEW  JERSEY. 
Ampere. 
Bates,  P.  A.,  Crocker- Wheeler  Co. 
Dunn,  G.  S., 

Henshaw.F.V..        •*  ** 

Thompson,  A.  J.        *'  " 

Treat.  R.  B., 
Wheeler.  S.  S.,  "  *•         6 

Bayonne. — Chamberlain,  J.  C. 

Bloomfield.— Wiederhold,  O. 

Bridge  ton.— Smith.  Oberlin 

Camden.— Harrington,  Walter  E. 

Cartaret. — Prosser,  H.  A. 

East  Orange. 
Aylesworth  J.  W.,  223  Midland  Av. 
Fliess,  R.  A.,  44  Chestnut  St. 
Hammer,  E.  W.,  18  North  22d  St. 
Jackson,  F.  E.,  61  So.  Grore  St.  4 

Elizabeth. 
Diehl,  Philip.  Diehl  M'i'g  Co. 
Bennett,  E.  H..  Jr.,  Singer  MTg  Co. 
Miller,  H.  S..  Diehl  MTg  Co. 
Whiting,  A.  n.,  4 

Garwood. — Fowler,  Geo.  W. 
Hackensack;— Uebelacker,  C.  F. 
Harrison. 

Howell,  J.  W. 
Marshall  J.  T. 
Page  A.  D.  3 

Hoboken. 
Brisley,  E.  B.,  Stevens  Itastitutc. 
Cuntz,  Johannes  H..  335  Hudson  St. 
Ganz,  A.  F.,  Stevens  Institute 

Geyer,  Wm.  E.,  .«    v         .. 

Morton,  Henrv  **  ** 

ter  Meer,  H.  C,  930  Hudson  St. 
Woodbury,  D.  C,  Stevens  Institute.   7 

Jersey  City. 
Ockershausen.  H.  A. 
Poiricr,  A.  E.,  8  Erie  St. 
Rushmore,  S.  W.,  24  Morris  St. 
Sloan.  J.  R  ,  Pullman  Co  ,  P.  R.  R.   4 
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Newark. 
Billberg,  C.  O.  C,  17  Hill  St. 
Bosch,  Adam,  Fire  Alarm  Telegraph. 
Colby,  Edward  A..  Lock  Box  113 
Farrand,  Dudley,  207  Market  St. 
Moore,  D.  McF.,  52  Lawrence  St. 
Richtberg,  H.  A.,  W.  E.  &  M.  Co.       6 

New    Brunswick.—Brackett.  B.  B. 

Orange. 
Edison.  Thomas  A. 
Miller,  W.   H. 
Upton,  ¥,  R.  3 

Parlin.— Flack,  J.  Day. 
Perth    Amboy.— Brewster,  W.   S. 
Plainfield.— McClurg,  W.  A. 
Princeton.— Brackett,  C.  F. 
Rahway.— Buys,  Albert 

Rutherford. 
Brown,  H    A 
Petty,  Walter  M. 
Schwabe.  W.  P.  3 

Short  Hills— Riker,  A.  L. 

Somerville.— Tait,  F.  M. 

South  Orange.— Delany,  P.  B. 

Stewarlsville.— Darling,  E.  A. 

Trenton. 

Horn.  H.  J.,  36  W.  State  St. 
Newbury,  F.  J.,  Roeblings  Co. 
Rocbling,  F.  W.,  Roeblings  Co.         3 

Waverly  Park. — Weston,  Edward. 

Westfield. 
Mansfield,  R.  H.,  Jr. 
Smith,  F.  W.,  21  Charles  St.  2 

NEW  MEXICO. 

Mesilla  Park.— Brady,  F.  W. 
NEW  YORK. 

Albany. 
Greenleaf,  L.  S.,  H.  R.  Telephone  Co. 
Judson,  W.  P.,  State  House. 
McElroy,  James  F.,  131  Lake  Ave. 
Miller.  Wm.  C  ,  3  South  Hawk  St. 
VanBuren,  Gurdon  C.,62  So.  Hawk  St. 
Wilder,  H.  W.,  H.  R.  Telephone  Co.'6 

Astoria.— Folk,  F.  J. 

Auburn.— Case,  W.  E. 

Belmont.— Gorton.  Charles 

Bronxville. 
Carpenter,  C.  E. 
Kebler,  J.  L. 
Leonard,  H.  Ward  3 

Brooklyn. 

Ashe,  S.  W.,  Polytechnic  Institute. 
Braun,  C.  E.,  223  Madison  St. 
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Brooklyn.— Continued. 
Broich,  Jos.,  1622  8th  Ave. 
Brown,  Benjamin,  381  Sackett  St. 
Brown,  R.  G.,  158  Montague  St. 
Chapman.  A.  \V.,   j6o  Hicks  St. 
Dassori,  P.  H.,  81  WiUoughby  St. 
Dcgen,  L.,  324  Stuyvesant  Ave. 
Edmands,  S   S.,  Pratt  Institute. 
Ekstrand,  C,  N.  6th  St    &  Kent  Ave. 
Ferris,  R.  M.  Jr.,  8r  WilJoughby  St. 
Gherardi.  B.  Jr..  81  Willoughby  St. 
Halk,  H.  C,  Polytechnic  Institute. 
Holbrow,  M.  L.,  U.  S    Navy  Yard. 
Hutchinson.  R.  W.  Jr..  Polytech.  Inst. 
Leitch,  H.  W.,  373  Madison  St. 
Leslie,  E.  A..  360  Pearl  St. 
Martin.  F.,  U.  S.  Navy  Yard. 
Martin,  J.,       '*  *' 

Mason,  Hobart,  432  Greene  Ave. 
Morrill,  E.  F.,  81  Willoughby  St. 
Mosscrop,  W.  A.,  47  Brevoort  PI. 
Ormsbee.  A.  F.,  81  Willoughby  St. 
Parker,  L.  R.,  345  State  St. 
Peck,  E.  F.,  360  Pearl  St. 
Powelson,  W.  V.  N.,  U.  S.  Navy  Yard. 
Rcilly.  John  C,  81  Willoughby  St, 
Sargent,  W.  D.,  81  Willoughby  St. 
Shaw,  A.  N..  116  Front  St 
Sheldon,  Samuel,  Polytech.  Institute. 
Spoeh'er,  H.,  U.  S.  Navy  Yard. 
Stevens,  Cabot,  360  Pearl  St. 
Thomas,  A.  C,  81  Willoughby  St. 
Warren,  A.  K.,  207s  Broadway. 
Wolcott.  T.,  329  Clinton  Si. 
Woodward,  F.  S.,  265  Prospect  PI.     36 

Buffalo. 
Alverson,  11.  B.,  40  Court  St. 
Edmonston,  E.  D.,  401  Delaware  Ave. 
Gififord,  C.  E.,  Caton's  College. 
Grissinger,  El  wood.  40  Court  St. 
Howe,  W.  K  ,  Carroll  f.nd  Wells  Sts. 
Huntley,  C.  R.,  40  Court  St. 
McCarthy,  E.  D.,  45  No.  Division  St. 
Meadows,  H.  G.,  log  White  B'ld'g. 
Offinger,  M.  H.,  544  Plymouth  Ave. 
Perkins.  Frank  C,    126  Erie  Co.  Bank, 
Pope,  H.  W,,  14  W,  Seneca  St. 
Sowers,  I).  W.,  240  W.  Utica  St. 
Whittemore.  G.  W,  13 

Dobbs  Ferry.— Judson,  H.  C. 

Eimira, 
Cole,  W.  W^.  Realty  B'ld'g. 
Wolverton,  B.C.,N,Y.  &  Pa.T.  &  T.Co. 

Fulton.— Emerick,  L.  W.  2 

Ithaca, 
Bedell,  Fred.  Dr.,  Cornell  University. 
McAllister,  A.  S., 
Nichols.,  E.  L.. 
Ryan,  H.  J.. 
Yamazaki,  Shiro,  *'  *•  5 

Larchmont. — Neilson,  John 

(115) 


Lockport.— Kenan,  W.  R.,  Jr. 

Mt.  Vernon. 
Tyndall,  C.  H. 
Whitney.  C.  E.,  553  South  6th  Ave.     2 

New  Brighton. 
Johnson.  W.  McA. 
Libby,  S.  B.  a 

Newburgh. 
Boynton,  E.  C. 
Hewitt,  C.  E.  2 

New  York  City. 
Abbott,  A.  v.,  26  Cortlandt  St. 
Abbott,  Henry,  9  Maiden  Lane 
Adams,  E.  K.,  455  Madison  Ave. 
Adler,  A.  A.,  123  Liberty  St 
Agnew,  C.  R.,  18  William  St. 
Albright,  H.  F..  463  W'est  St. 
Alexander,  Harry.  25  W.  33d  St. 
Alien,  A.  P. ,  1 5  li^^  St. 
Andrews.  W.  C.  120  Liberty  St. 
Anthony,  J.  S.,  44  Broad  St. 
Anthony,  W.  A,,  Cot^per  Union 
Archer,  G.  F.,  156  Madison  Ave. 
Arnold,  C.  H,,  18  CortlanJt  M. 
Ashley,  F,  M.,   ro8  Fulton  St, 
Atkins.  H.  B.,  22  William  St. 
Atkinson,  W,  S.,  127  Fifth  Ave. 
Atwood,  G.  F.,  461  West  .M. 
Aylmer-Small,  C  S,,  W^aldorf-Astoria. 
Baillard,  E,  V.,  Fox  Buildmg. 
Baker,  W,  E.,  170  Broadway. 
Baldwin,  A,  de  V.,  39  Cortlandt  St. 
Ball,  H.  P.,  572  First  Ave. 
Bamber,  W.  C,  1^  Park  Row. 
Bangs.  C.  R,   15  Dey  St, 
Banks,  W,  C,  13  Laight  St 
Baron,  Max  D,,  125  E.  23rd  St. 
Barr,  J.  B.,  44  Broid  St. 
Barstow,  W.  S,,   11  Broadway. 
Hatchelor,  C,  ^2  Broadway. 
Bates,  F,  C,  44  Broad  St. 
Bates,  J.  H,,  57  Duane  St. 
Baylis,  R.  N.,   140  Washington  St. 
Bayne,  H.,  Coiumbia  University. 
Beaumont,  C.  W  ,  52  Broadway. 
Bell,  A.  C,  197  Wooster  St. 
Bell,  O.  A..  463  West  St. 
Bellman,  J.  J.,  149  Broadway, 
Bennett.  T.  C. ,  44  Broad  St, 
Bennett,  "W.  S.,  5  Union  Square,  West. 
Bentley,  E,  M.,  5  Bcckman  St. 
Bethell,  U.  N.,  15  Dey  St, 
Betts,  H,  D.,  141  Broadway 
Bicknell,  D.  £.,  57  Bethune  St. 
Bijur,  Jos,,  210. Centre  St. 
Birdsall,  E,  T.,  26  Cortlandt  St, 
Black,  C,  N.,  149  Broadway. 
Black,  H,  D.,  39  Cortlandt 
Blackall,  F.  S. .  39  Cortlandt  St. 
Blake,  Henry  W,.  120  Liberty  St. 
Blake,  T.  W,,  19S5  Park  Ave. 
Bliss.  W\  L,.  16  Exchange  St. 
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New  York  City.— -Continued. 
Bonynge.  Paul.  141  Broadway. 
Bogue,  Chas.  J.»  213  Centre  St. 
Bohm,  Ludwig  K.,  320  Broadway. 
Bourne,  Frank,  26  Cortlandt  St. 
Bradley.  C.  S.,  44  Broad  St. 
Brady,  N.  F.,  57  Duane  St. 
Briesen,  H.  V.,  22  Thames  St. 
Brixey,  W.  R.,  203  Broadway. 
Brown,  W    I).,  61  Elm  St. 
Buckinghxm,  Chas.  L.,  195  B'oadway 
Bunce,  Theo.  D.  Jr..  239  K.  27th  St. 
BurJick.  I.  E  ,  256  Broadway 
Burnett,  Doug^jass,  55  Duane  St. 
Burroughs.  H.  S..  20  Nassau  St. 
Burton.  Paul  G.,  463  West  St. 
By  ns,  R.  A..  20  Bread  St. 
Cahoon.  Jas.  B.,  35  Nassau  St. 
Caldwell,  Edw.,  112  Liberty  St. 
Caldwell,  E.  W.,  315  Fifth  Ave. 
Canfield,  M.  E.,  57  Bethme  St. 
Carichoff,  E.  R.  52  Broadway. 
Carpenter,  H.  C,  15  Hey  St. 
Carty  J.  J..  15  Dey  St. 
Chandler,  C.  F.,  Columbia  Univ. 
Chester   M.  E.,  463  West  St. 
Child,  C.  T.,  13  Park  Row. 
Clark,  C.  M.,  20-22  Broad  St. 
Clark,  Ernest  P.,  19th  St.  &  6th  Ave. 
Clark,  F.  «i.,  96th  St.  and  ist  Ave. 
Clark.  Le  Roy,  Jr.,  229  W.  28lh  St. 
Clark,  W.  J.,  44  Broad  St. 
Clarke,  Charles  L.,  31  Nassau  St. 
Coffin,  Chas.  A.,  44  Broad  St. 
Coho,  H.  B.,  149  Broadway 
Collett,  S.  D.,  136  Liberty  St. 
Compton.  A.  G..  17  Lexington  Ave. 
Comstock,  L.  K.,  137  Broadway. 
Condict,  G.  IL.  Electric  Vehicle  Co. 
Cornell,  C.  L.,  136  Liberty  St. 
Cornell,  J.  B  ,  136  Liberty  St. 
Cohby,  F.  C,  120  Broadway. 
Cowen.  J.  B.,  572  ist  Ave. 
Crane,  W.  F.  I>  ,  31  Nassau  St. 
Crocker,  Francis  B..  Columbia  Univ. 
Crossman   Gilbert.  463  West  St. 
Crozier,  A.  B..  45th  St  &  ist  Ave. 
Cunningham,  R.  H.,  Columbia  Univ. 
Cushing.  IL  C,  Jr..  39  Cortlandt  St. 
Cuttriss,  Chas.,  20  Broad  St. 
Davidson,  E.  C,  141  Broadway 
Davis.  Chas    H.,  25  Broad  St. 
Davis,  Joseph  P..  113  W.  38th  St. 
Davis,  Minor  M..  253  Broadway 
Decker.  E.  P..  26  Cortlandt  St. 
Dickerson   E.  N.,  141  BroaJway 
Dixon   James,  80  Broadway. 
Dohertv.  11   L  ,  4"  Wall  St. 
Donaldson,  Wm.  W.,  2c;  W.  33d  St. 
Doremus,  C.  A..  59  W.  51st  St. 
Doud.  C.  H.    Columbia  Univ. 
Dowic,  Horace.  26  Cortlandt  St. 
Dressier,  Chas.  E.,   17  I^xin^ton  Ave. 
DuRois,  Tufhill,  19  Park  Place. 
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New  York  City. —Continued, 
Duncan.  J.  D.  E.,  31  Nassau  St. 
Duncan.  Louis.  71  Broadway 
Dunn,  C.  E.,  Park  Row  Bld'g. 
Durant,  Edward,  Ward's  Island. 
Dyer.  R.  N..  31  Nassau  St. 
Edwards,  C.  V.,  220  Broadway 
Ellinger   Edgar,  ^37  Broadway. 
Farnsworth,  A.  J.,  22  Thames  St. 
Field,  C.  J.,  133  W^est  38lh  St. 
Floy,  Henry,  220  Broadway 
Forbes,  Francis,  32  Nassau  St. 
Ford,  F.  R.,  149  Broadway 
Gallatin,  A.  R.,  58  W.  ssih  St. 
Gilman,  F.  L.,  463  West  St. 
Goldmark.  Chas.  J.,  66  New  St. 
Gordon.  Reginald.  315  West  71st  St. 
Gotshall.  W.  C,  76  William  St. 
Granbery.  J.  PL,  32  Park  Place. 
Grant,  <).  R.,  Columbia  Univ. 
Gray,  C.  D.,  29  Broadway. 
Gray,  E.  W.  T..  120  Broadway. 
GriflFen,  J.  D.,  25  Broad  St. 
Griffin,  E..  44  Broad  St. 
Guy,  Geo.  H.,  114  Liberty  St. 
Hadaway.  W.  S.  Jr.  107  Liberty  St. 
Hadley,  F.  W.,  26  CortlandtSt. 
Hall.  Edw.  J.,  15  Dey  St. 
Hall.  F.  A..  115  W.  47th  St. 
Hillberg,  J.  H.,  572  First  Ave. 
Hamilton.  Geo.  A..  463  West  St. 
Hamerschlag.  A.  A.,  41  Liberty  St. 
Hammer.  W.  J..  922  Havcmeyer  Bg. 
Hanchett.  Geo.  T..  123  Liberty  St. 
Harding,  H.  McL.  20  Broad  St. 
Harris,  G   A.,  10  Wall  St. 
Hatzel,  J.  C,  114  Fifth  Ave. 
Hayes,  Harry  E.,  22  Thames  St. 
Hedenberg,  W.  L.,  136  Liberty  St. 
Hemingway,  A.  F.,  463  West  St. 
Henry,  Ira  W.,  229  West  28th  St. 
Henderson,  Alex.,  527  W.  34th  St. 
Herrick,  Albert  B..  120  Liberty  St.  ^ 
Herzog,  Dr. F.Benedict,  51  W.  24th  St. 
Hewitt   P.  C,  II  Lexingrton  Ave. 
Higgins.  Edward  E..32  Waverly  Place. 
Hildburgh.  W.  L.,  Hotel  Normandie 
Hill,  George   100  Broadway. 
Hill.  G.  Henry,  C27  W.  34th  St. 
Hill.  N.  S.  Jr.,  100  William  St. 
Hodge,  Charles,  120  Broadway. 
Hoffmann,  B.,   15  Dey  St. 
Holmes.  Franklin  S..  108  Fulton  St. 
Hoopes,  Maurice,  29  Broadway. 
Howell,  W.  S..  14  Jay  St. 
Howson    Hubert,  38  Park  Row 
Koxie,  G.  L..  26  Cortlandt  St. 
Hubbard,  A    S..  25  W.  33d  St. 
Hubbard,  W.  C,  120  B'oadway. 
Hunt,  A.  L..  203  Broadwav 
lluichinson,  Cary  T..  56  Pine  St. 
Hyde   J.  E.  IL,  120  Broadway, 
Idell,  Frank  E.,  liavemeyer  Building. 
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New  York  City. — Continued. 
Insull,  M.  J.,  572  I  St  Ave. 
Jaeger,  C.  L.,  132  Mulberry  St. 
Jannus,  F.,  141  Broadway 
Jenks,  William  J.,  120  Broadway. 
Johnston.  T.  J.,  66  Broadway. 

Johnston,  W.  J.,  261  Broadway, 
ones,  Francis  W.,  2y  Broadway 
Keefer,  E.  S.,  463  West  St. 
Keith.  N.  S  ,  95  Liberty  St. 
Kennedy,  J.  J.,  52  Broadway. 
Ker,  W.  W.,  36  Stuyvesant  St. 
King.  V.  C,  Jr..  517  West  St. 
Kinsman,  F.  E.,  95  Liberty  St. 
Kintner,  C.  J.,  45  Broadway. 
Knowles,  E.  R.,  136  Liberty  St. 
Knox.  C.  E.,  76  William  St. 
KnudsoQ.  A.  A.,  32  Nassau  St. 
Lamb,  Richard,  136  Liberty  St. 
Langton,  Jno.,  72  Trinity  PI. 
Lanman,  Wm.  H.,  120  Broadway 
Lardner,  H.  A.,  29  Broadway. 
La  Roche.  F.  A..  652  Hudson  St. 
Lawrence.  W.  H.,  49  W.  26th  St. 
Ledoux,  A.  R.,  99  John  St. 
Lieb,  J.  W.,  Jr..  57  Duane  St. 
Lil  ibridge,  R.  D.,  20  Broad  St. 
Livingston.  J.  Jr.,  13  Pa'-k  Row 
Lloyd,  Robert  McA.,  100  Broadway 
Loewenthal,  M.,  11  Broadway. 
Lohmann,  R.  W.,  711   Transit  BTdg. 
Louis,  O.  T.,  340  E.  119th  St. 
Lowson,  David,  1721  Park  Row  B'ld'g. 
Lowther,  C.  M.,  36  Riverside  Drive. 
Lozier,  R.  T.  E.,  220  Broadway 
Lundell,  Robert,  527  W.  34th  St. 
Lundie.  John,  5a  Broadway 
Lyford,  O.  S..  Jr.   too  Broadway. 
Lyman,  C.  W.,  30  Broad  St. 
Lyndon,  L.,  Park  Row  Bldg. 
MacGregor,  W.  H.,  120  Broadway. 
Mahoney,  J.  J.,  4-t  Broad  St. 
Mailloux,  C.  O..  76  William  St. 
Marks,  L.  B.,  687  Broadway 
Marsh,  C.  J.,  56  Liberty  St. 
Martin  T.  Commerford,  114  Liberty  St. 
Marvin,  H.  N.,  841  Broadway. 
Maver,  William  .  Jr.,  t20  Liberty  St. 
Mayer,  M.  M..  216,  Centre  St. 
McClure,  W.  J.,  259  W.  52dSt. 
McGraw,  James  H.,  114  Liberty  St. 
McLain,  K.  C.  21  Park  Row. 
McLimont,  A.  W.,  141  Broidway. 
Merrill.  E.  A..  26  Cortlandt  St. 
Mershon,  R.  D.,  621  Broadway 
Meyer,  Julius,  115  Broadway 
Miller,  A.  J  ,  463  ^Vest  St. 
Miller,  D.  *D.,  120  Broadwav. 
Mole,  H.  E.,  74th  St.  and  East  River. 
Monrath,  Gustave,  7  E.  42d  St. 
Mora,  M.  L.44  Broad  St. 
Morley,  E.  L..  114  5th  Ave. 
Morrison,  W.  J.,  Jr.,  60  Broadway. 
Moses,  P.  R.,  35  Nassau  St. 
Mullin,  E.  H..  44  Broad  St. 
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Murphy.  G.  R.,  100  Broadway. 
Murray,  T.  E.,  55  Duane  St. 
Muschenheim,  F.  A.,  463  West  St. 
Neurath,  M.  M  ,  165  Broadway. 
Nicholson,  S.  L.,  120  Broadway. 
Nimis,  A.A.,  N.E.cor.82dSt.&Lcx.  Av. 
Noll,  Augustus.  8  E.  17th  8t. 
O'Brien,  A   D.,  15  Dey  St. 
O'Donovan,  L.  J.,  Columbia  University 
Osterberg,  Max,  ic  Broadway 
Paine,  F.  B.  H.,  120  Broadway 
Parker.  H.  C.  Columbia  Univ. 
Parmly,  C.  Howard,  17  Lexington  Arc. 
Parsell,  H.  V.  129  W.  31st  St. 
Parshall,  A. ,  44  Broad  St. 
Parsons,  L  D.,  Columbia  University. 
Pattison,  Frank  A.  141  Broadway 
Pearson,  F.  S.,  621  Broadway 
Pedersen,  F.  M.  17  Lexington  Ave. 
Phillips,  E.  L.,  26  Cortlandt  St 
Poole,  Cecil  P..  114  Liberty  St.  | 

Pope,  Ralph  W.,  95  Liberty  St. 
Porter,  H.  H.,  Jr..  31  Nassau  St. 
Potter,  H.  N.,  510  West  23d  St. 
Powell,  E.  B.,  55  Duane  St. 
Price,  C.  W..    13  Park  Row 
Prince,  J.   L.,  57  Duane  St. 
Proctor,  T.  L  ,  39  Cortlandt  St. 
Pupin,  Michael  L,  Columbia  Univ. 
Rae.  Frank  B.,  52  Broadway. 
Reckenzaun,  F.,  i  Broadway, 
von  Recklinghausen.  M..  510W.  23d  St. 
Reed,  H.  A..   420  E.  25th  St. 
Reed,    H.  D.,  420  E.  25th  St. 
Reid,  Thorburn,  136  Liberty  St. 
Rennard.  J.  C,  15  Dey  St. 
Rice,  A.  L.,  T2  W.  31st  St. 
Ries.  E.  E.,  116  Nassau  St. 
Ripley,  W.  IL,  24  Mur-ay  St. 
Roberson,  O.  R.,  195  Broadway 
Robinson,  F.  G.,  621  Broadway 
Rogers,  Nelson,  510  W.  23rd  St. 
Roller,  F.  W.,  203  Broadway 
Rosenbaum,  Wm.  A.,  140  Nassau  St. 
Rosenberg,  E.   M..  138  W.  85th  St. 
Rouquette,  W.  F.  B.,  47  Dey  St. 
Ruckgaber,  A.  F  ,  13  Park  Row. 
Rugg,  W.  S  ,  120  Broadway. 
Ryerson,  W.  N.,  74th  St.  &  East  River. 
Ryder.  M.  P.,  140th  St.  and  R  der  Ave. 
Sage.  F.  B.,  123  Liberty  St. 
Salter,  T.  F.,  463  West  St. 
Sanborn,  F.  N..  29  Wall  St. 
Sanderson.  E.  N..  31  Nassau  St. 
Sanville,  H.  F.,  15  Cortlandt  St. 
Saxelby,  F.,  220  Broadway. 
Scheffler,  F.  A..  9  Dey  St. 
Schmidt,  Lambert,  325  Broadway. 
Schreiler,  Heinr.,   20  Nassau  St.. 
Schroeder,  Henry,  57  Duane  St. 
Scudder,  H.  Jr..  2i  E.  22d  St. 
See,  A.  B.,  220  Broadway. 
Serrell,  Lemuel  Wm.  99  Cedar  St. 
Sever,  Geo.  F.,  Columbia  Univer. 
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Sharp,  C.  H.,  14  Jay  St. 
Sherwood.  E.  F.,  18th  St.  &  Irving  PI. 
Simpson.  A.  B..  54  M.  Lane 
Sinclair,  11.  A.,  35  South  WilliamSt. 
Skirrow,  J.  F.,  253  Broadway 
Slade,  A.  J..  Grand  Centra]  Station. 
Slater.  F.  R.,  32  Park  Place. 
Smith,  F.  S.,  510  W.  23d  St. 
Smith,  I.  B.,  i8o  Broadway. 
Smith,  Irving  W.,  420  E.  25th  St. 
Smith.  Jesse  M.,  220  Broadway 
Smith,  T.  Jarrard,  98  Fulton  St. 
Smith,  W.  N.,  26  Cortlandt  St. 
Spellmire,  W.  B  ,  220  Broadway. 
Spencer,  C  J.,  Grand  Central  Station. 
Sprague.  Frank  J.,  527  VV.  34th  St. 
Steele,  W.  D.,  26  Cortlandt  St. 
Stem,  P.  K.,  i3oFuUon  St. 
Stieringer.  Luther,  129  Greenwich  St. 
Still  well,  L.  B.,  13  Park  Row. 
Stockhridge,  Geo.  II.,  120  Broadway 
Stott,  H.  G.,  74th  St.  and  East  Riyer. 
Stout,  J.  S.,  Jr.,  55  Duane  St. 
Strauss,  II.  A.,  Park  Row  B'ld'g. 
Strong,  J.  R  ,  35  So.  William  St. 
Taylor,  A.,  100  Broadway. 

Terry,  A.  S..  463  West  St. 

Terry,  Chas.  A.,  120  Broadway 

Tesla.  Nikola,  46  E.  Houston  St, 

Thomas.  R.  McK.  141  Broadway 

Thompson,  Edward  P.,  156  Fifth  Ave. 

Thomson.  G.  A.,  136  Liberty  St. 

Thurber,  H.  F.,  15  Dey  St. 

Torchio,  P..  53  Duane  St. 

Townley,  C,  120  Broadway. 

Townsend.  Henry  C,   141  Broadway 

Townsend,  Fitzhugh,  Columbia  Univ. 

Tread  well,  A.,  100  Broadway 

Tyng,  F.  E.,  164  VV.  27th  St. 

Vail,  Theo.  N.,  26  Cortlandt  St. 

Van De venter,  C.,  71  Broadway. 

Vansize,  William  B.,  2S3  Broadway 

Van  Wyck.  P.  V.  R..  Jr.,  15  Dey  St. 

Vreeland,  Frederick  K.,  Box  1877. 

Waddell,  M.,  135  Broadway. 

Wagner,  H.  A.,  Times  Building. 

Waldo,  Leonard,  49  Wall  Street. 

Walker,  F.  W.,  15  Dey  St. 

Waterman,  F.  N..  150  Nassau  St. 

Waterman,  M.  B.,  55  Duane  St. 

Waters,  E.  G.,  44  Broad  St. 

Weaver,  W.  D.,  114  Liberty  St. 

Webb,  Herbert  Laws.  15  Dey  St. 

W^ebster.  W.  C,  120  Broadway. 

Wells.  W.  F.,  55  Duane  St. 

Wellman.  H.  R.  572  First  Ave. 

Weston,  S.  F.,  1123  Broadway. 

Wetzler,  Joseph.  240  W.  23rd  St. 

Weymouth,  T.  R.,  40  Wall  St. 

White,  F.  J.  Columbia  University. 

White,  J.  G..  29  Broadway 

Whitmore,  W.  G.,  44  Broad  St. 

Wightman,  M.  J.,  150  Nassau  St.     . 
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Wiener.  A.  E.,  240  W.  23rd  St. 

Wiley.  Geo.  L.,  56  Liberty  St, 

Wiley.  Wm.  H..  43  E.  19th  St. 

Williams,  A.  57  Duane  St. 

Willyoung.  E.  G.,   11  Frankfort  St, 

Wilson,  C.  H.,  15  Dey  St. 

Wilson,  Fremont,  80  Broadway. 
1   Wilson,  R.  L.,  20S  E.  74th  St. 

Wilson,  H.  C,  49  Wall  St. 

Wintner,  L.,  572  First  Ave. 
I   Wintringham,  J.  P..  36  Pine  St. 

Woolf.  Albert  415  Lexington  Ave. 
I   Yamall,  V.  H.,  302  Broadway, 

Yorke,  G.  M.,  15  Dey  St. 

Young,  C.  G.,  29  Broadway. 

Young,  Chas.  I..  120  Broadway. 

Zalinski,  Capt.  E.  L.,  7  W.  43d  St.  386 
Official  Stenographer. 

Ryan,  R.  VV.,  150  Nassau  St. 

I       Niagara  Falls. 

I   Acheson,  E.  G.,  Carborundum  Co. 

Adams,  W.  L.,  Gluck  B'ld*g. 

Barton,  P.  P.,  N.  F.  Power  Co. 
I    Benoliei,  S.  D  ,  Roberts  Chemical  Co. 
I    Buck,  H.  W.,  123  Buffalo  Ave. 
I    Deeds,  E.  A.,  The  Natural  Food  Co. 
I   Gibboncy,  W.  K.,  N.  F.  Power  Co. 

Johnson,  W.  C.  N.  F.  Hydraulic  Co. 

Lincoln,  P.  M.,  Cataract  Const.  Co. 

Love  joy,  D.  R.,  Cataract  Chemical  Co. 

Price,  E.  F.,  Union  Carbide  Co.         11 


Og^densburg. — Jones,  M.  E. 

Olean.— Ramsey,  H.  N., 

Pelham  Manor. —Gilliland,  E.  T. 

Potsdam. 
Aldrich,  W.  S. 
Dates,  H.  B.  2 

Poughkeepsie  —Sheldon,  E.  E. 

Rhinecliff.— Philbrick,  B,  W. 

Rochester. 
Barnes,  C.  R. 
Redman,  G.  A.  2 

Schenectady. 
Andrews,  W.  S.,     General  Electric  Co. 
Armstrong,  A.  H.,       "  '*         ** 

Averrett,  A.,  '*  **         *' 

Badeau.  I.  F., 
Berg.  E.  J.. 
Berg,  Eskil. 
Blackwell,  F.  O., 

Carter.  F.  W.,  

Clark,  W.  S„ 
Corey,  F.  B., 
Davis,  A.  G..  "  *'        '* 

Davis,  W.  J.  Jr..  ' 

Dempster,  Thos., 

Eddy,  H.  T.,  Union  College. 

Emmet,  W.  L.  R  ,  General  Electric  Co. 
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Schenect  ady. — Continued . 
Ely,  W.  G.  Jr.,      General  Electric  Co. 
Ferguson,  S.,  ** 

Haskins,  Caryl  D.,        * 
Hawks,  H.  D.. 
Hewlett,  Edw.  M..       " 
Hillman,  H.  W., 
Tenks.  A.  P., 
Kellogg.  J.  W. 
Kruesi.  A.  H.. 
Lovejoy,  J.  R..  *' 

Marburg.  L.  C.  ** 

McClcnathen,  Robt.,    '* 
Moody,  V.  I).,  427  Smith  St. 
Moore,  J.  P..  General  Electric  Co. 

Oudin,  M.  A.. 
Oolgaidt.  J.  J.. 
Potter,  W.  B.. 
Price,  N.  I., 
Read.  R.  H., 
Reist,  H.  G.. 
Rice,  E   Wilbur,  Jr.,  '* 
Rice,  M.  P., 
Rohrer,  Albert,  L  .      " 
Sage,  Darrow.  ** 

Sargent,  IJ.  R., 
Sawyer,  \V.  H., 
Slichter,  W.  I, 
Soren,  T.  N., 
Stebbins,  Theodore      " 
Steinmetz,  C.  P., 
Wagoner,  P.  D., 
Wirt.  H.  C, 
Woodbridge,  J.  E..      " 

49 

Stapleton.—Hunt,  C  W. 

Syracuse. 
Arcbbold,  Wm.  K.,  University   B'ld'g. 
Brady,  Paul  T. 
Graham,  W.  P. 

Land.  Frank.  IC2  Highland  Ave. 
Noxon,  C.  P.  L.,  500  E.  Water  St.      5 

Tarrytown.— Crchore,  A.  C. 

Tompkinsville.— Gregg,  T.  H. 

Troy.— Bernard.  Edgar  G. 

Utica.— Nicholson,   W.   W. 

West  New  Brighton. 
Marshall,  Cloyd. 

Yonkers. 
Cosgrove.  J,  F.,  38  St.  Andrews  Place. 
Ihlder.  John  D.,  Otis  Elevator  Co. 
Scidmore.  F.  L. ,  Otis  Elevator  Co.      3 


NORTH  CAROLINA. 

Biltmorc.-Waddell.  C.  E. 

Charlotte. 
Sampson,  F.  D. 
Smith.  S.  J  ,  40  So.  Tryon  St. 

Cronly.— Van  Dyck,  W.  V.  B. 

(ir2) 


Greensboro. — Pirtle,  Claiborne. 
New  London.— Frank,  G.  W. 
Winston-Salem.— Barr,  F.  A. 


OHIO. 


Akron.— Shaw,  E.  C. 

Cincinnati. 
Baldwin.  B.  L.,  73  Perin  B'ld'g 
Behrend,  B.  A.,  Norwood, 
Bogen.  L.  E.,  Univ.  of  Cincinnati. 
Bolles,  F.  G  .  Bullock  &  Wagner  Co. 
Cooper,  William. 

Crea;:head,  Thos.  J..  802  Plum  St, 
Ilafer.  Geo.  Jr.,  Cine.  Gas  Co. 
Hopton,  Wm.  E.,  109  East  5th  St. 
Kerr,  S.  R.,  610  Bavmiller  St. 
Lilley,  L.  G.,  Cor.  3d  &  Walnut 
Middleton,  A.  C,  420  W.  4th  St. 
Pomeroy,  W.  D. 
Reno,  C.  S.,  610  Baymiller  St. 
Rodgers,  H.  S  .  420  W.  4th  St. 
While,  W.  F..  109  E.  5th  St.  15 

Cleveland. 
Ambler,  Wm.,  76  Lincoln  Ave. 
Amstutz,  N.  S.,  716  Caxton  B'ld'g. 
Brush.  Chas.  F.,  453   The  Arcade. 
Canfield.  Milton  C,  48  Greymont  St. 
Cook.  E.  J.,  96  Commonwealth  Ave. 
Cowles,  Alfred  H.,  361  Arcade. 
Eyre.  M.  K..  Buckeye  Elec.  Co. 
Barter,  Bret.,  Electrical  Building. 
Hoag,  G.  M.,  113  City  Hall. 
Lindsay,  Robert.  717  Cuyahoga  B'ld'g 
Roberts,  E.  P.,  Electric  Building. 
Sperry,  E.  A..  855  Case  Ave. 
Sturdevant,  C.  R.,  603  Electrical  B'ld'g. 
Wallau,  H.  L.,  7H  The  Cuyahoga. 
Wason,  Chas.  W.,  2069  Euclid  Ave.  15 

Columbus. 
Caldwell.  F.  C,  State  University. 
Fish.  F.  A.. 
Thomas,  B.  F.. 
White,  L.  G.  4 

Dayton. 
Leeds.  I^rman. 
Thresher.  A.  A.  2 

East  Liverpool.— Healy,  L.  W. 

Lorain.— Hines,  C.  H. 

Norwood.— Kerr,  S.  B. 

Piqua. — Lorimer.  G.  W. 

Ravenna. — Estes,  O.  A. 

Salem. — Davis,  Delamore  L. 

Sandusky.— Nesbit,  J.  N.  G. 

Springfield. 
Conklin,  O.  F. 
Zufiiuh,  W.  N.  2 

Toledo.— Bechtel,  E.  J. 
Youngstown. — Morgan,  Godfrey. 
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OREGON. 

Portland. 

Anson,  F.  R.,  355  Salmon  St. 
Babson.  A.  C,  Worcciter  B'ld'g. 
Cheney,  W.  C,  Chamber  of  Commerce 
Mitchell.  Sidney  Z..  Fleischner  B'ld'g4 

PENNSYLVANIA. 

Allegheny.— Kintner,  S.  M. 

Altoona. 
Dudley,  C.  B. 
Elmer,  Wm.  Jr. 
Gough,  H.  E.,  1415  nth  St.  3 

Braddock. — Maccoun,  A  £. 

Chester.— Tidd,  G.  N. 

Duquetne.— Friedlander  £. 

East  Pittsburg. 
Auel,  Carl  B. 
Gibson,  G.  H.,  Westinghouse  Cos.       2 

Harrisburg.— Best.  A.  T. 

Hokendauqua. — Thomas,  J.  W. 

Irwin.— Miles,  J.  W. 

Johnstown.— Parkhurst,  C.  W. 

Lancaster. — Kershner,  J.  E. 

Mui^hall.— Dinkey,  A.  C. 

Overbrook.- Laforc,  J.  A. 

Palmcrton.— Bull,  R.  W. 

Pboenianrille.— Perot,  L.  Knowles. 

Philadelphia. 
Biddle,  J.  G.,  Stephen  Girard  B'ld'g. 
Blanchard,  CM.,  Union  League. 
Blizard.  C,  19th  St.,  &  Allegheny  Ave. 
BoUn,  T.  v.,  214  S.  nth. 
Braddell,  Alfred  E.,  316  Walnut  St. 
Bragg,  Chas.  A.,  Land  Title  B'ld'g 
Coles,  E.  P.,  214S.  nth  St. 
Collins,  A.  F.,  132  S.  6th  St. 
Cumner,  A.  B.,  251  S.  12th  St. 
Cutler.  J.  E..  26  South  15th  St. 
Darlington,  F.  W.,  ii2oR.E.Trust  Co. 
Drysdale,  W.  A.,  Hale  B'ld'g 
Eglin,  J.  M.,  loth  and  Sansom  Sts. 
Eglin,  W.  C.  L..  Cor.  loth  &  Sansom. 
Ehret,  C   D..  loii  Chestnut  St. 
Entx,  J.  B.,  19th  St.  &  Allegheny  Ave. 
Firth,  W.  E.,  Nicetown 
Foster,  H.  A.,  650  Bullitt  Bldg. 
Gallaher.  E.  B.,  Drexel  Bldg. 
Gharky,W.D.,  2374  Park  Ave. 
Hall,  J.  L.,  608  N.  American  B'ld'g. 
Hartman,  H.  T.,  1406  Land  Title  Bg. 
Heany,  J.  A.,  904  Quarry  Bt. 
Hering,  Carl,  929  Chestnut  St. 
Hewitt,  Chas  ,  809  Spruce  St, 
Hodge,  W.  B.,  loio  Chestnut  St. 
Hodges,  W.  L.,  Keystone  Telephone. 
Houston,  E.  J.,  1203  Crozer  B'ld'g. 

'109) 


Philadelphia.— Continued. 

Hunter,  Rudolph  M.,  926  Walnut  St. 
James,  H.  D.,  421  Chestnut  St. 
Kennelly,  A.  E.,  218  S.  4th  St 
Leeds,  M.  E.,  259  No.  Broad  St. 
Levis,  Minford,  36  North  4ih  St. 
Lloyd,  Herbert,  19th  &  Allegheny  Ave. 
Mansfield.  A.  N.,  nth  and  Filbert  Sts. 
Marks,  W.  D..  The  Art  Club. 
Patton,  P.  I  ,  1026  Filbert  St. 
Pike,  C.  W.,    112  N.  i2thSt. 
Reed,  C.  J.,  3313  N.  i6lh  St. 
Rowland,  A.  J.,  Drexel  Inst. 
Satherberg,  C.  H.,  Nicetown 
Scott,  W.  M.,  108  W.  Johnson 
Smith,  T.  C,  512  Stephen  Girard  Big. 
Smith.  W.  E.,  Nicetown. 
Smith,  W.  F.,  Un.  Gas.  Imp.  Co. 
Spencer,  Paul,  Broad  &  Arch 
Spencer,  Theo.,  nth  and  Filbert  Sts. 
Stakes,  D.   F.,  Germantown. 
Stanton,  C.  H.,  1517  Walnut  St. 
Stevens,  J.  F.  9th  St.  &  Montgomery  Av. 
Stitzer.  A.  B..  Union  Traction  Co. 
Toening,  C.  J.,  1035  Ridge  Ave. 
Walmsley.  W.  N. ,  1002  Harrison  Bldg. 
Winand,  P  A.  N.,  3200  Arch  St. 
Wise,  J.  S.,  Jr.,  2023  Mt.  Vernon  St.  55 

Pittsburg. 

Austin,  S.  B.,  3912  Fifth  Ave. 
Bcebe,  M.  C,  Amber  Club. 
Bennett,  Edward.  Nernst  Lamp  Co. 
Blakemore,  M.  N., Westing.  E.&M.Co. 
Chubbuck.  L.  B.,  W.  E.  &  M.  Co. 
Converse,  V.  G.,  isth  St.  &  Liberty  Av. 
Davis,  HP.,  Westinghouse  E  &  M.Co. 
Dick,  W.  A..  Wcst'house  E.  &  M.  Co. 
Dunlap,  W.  K.,  West'house  E.&  M.  Co. 
Dusinberre,  G   B.,  W.  E.  &  M.  Co. 
Erwin,  F.  B.,  West'house  E.  &M.  Co. 
Fisher,  H.  W.  SUndard  Und.  Cable 
Hanks,  Marshall  W. ,  Nernst  Lamp  Co. 
Hartwell,  Arthur,  W.  E.  &  M.  Co. 
Hill,  E.  R.,  Westinghouse  E.  &  M.  Co. 
Hommel,  L.,  618  Westinghouse  B'ld'g. 
Keller,  E  E.,  West'house  Machine  Co. 
Kier.  S.  M.,  "        E.  &  M.     *• 

Lange,  Philip  A.,  "  Machine  ** 
Maxim,  H.  P.,  "  E.  &  M.  •' 
Miller,  G.E,  •*  *     •* 

Merrill,  J.  L,.  Park  B'ld'g. 
Newman.  F.   J.,   W.  E.  &  M.Co. 
Nichols,  L.  C. 

Osborne,  L.  A.,  West'house  E.&M.  Co. 
O'Sullivan,  M.  J.,  Sylvan  Ave. 
Peck.  J.  S.,   Westinghouse  E.  &  M.  Co. 
Rice,  Calvin  W.,  Nernst  Lamp  Co. 
Rockwood,  D.  C,  W'house  E.  &  M.  Co. 
Scott,  Chas   F. 
Skinner,  C.  E., 
Storer.  N.  W..  " 


tf        <( 


Digitized  by  VjOOQIC 


1084    Bsnniyltania,  B,  L,  8.  Carolina,  Tenn.,  TuBos^Utah,  F<.,  Va.,  Wa$h, 


Pittsburg. —Continued . 

Stuart,  H.  R.,  West*house  E.  &.  M.  Co. 
Stutz,  C.  C,  Carnegie  Building. 
Taylor,  F.  H.,  West'house  E.  &  M.  C. 
Temple.  W.  C,  Bank  of  Commerce  Bg. 
Thomas,  Percy  H..  W.  E.  &  M.  Co. 
Tingley,  E.  M..  W.  E.  &  M.  Co. 
Uhlenhaut  F  Jr.   Times  Building. 
VanVleet  R   M.,  Westing.E.  &  M.Co. 
Walker,  M  les,  W.  E.  &  M.  Co 
Whiteside  W.  H..  East  Pittsburg.  Pa. 
Winslow  G.  H.,  339  Fifth  Ave. 
Wurts,  A.  J.,  Nemst  LampCo.  44 

Reading.— 

Brown,  E.  E. 

Brown.  J.  Stanford,  Carpenter  Steel  Co. 

Klinck,  J.  H.,  5  So.  9th  St.  3 

Rochester.— Sage,  H.  J. 

Scranton. 

Elias,  A.  B.,  1310  Washington  St. 
Webb,  H.  S.,  1416  Monsey  Ave.         2 

South  Bethlehem. 
Esty,  William,  Lehigh  University. 
Franklin,  W.  S.,  Lehigh  Univ. 
MacFarlane,  Alexander  5 

State  College.— Jackson,  Prof.J.  P. 
Swarthmore.— Stine.W.  M. 
Tamaqua.— Spiese,  F.  P. 

Vandegrilt. — Pinkerton  A. 

Wilkes  Barre.— Harvey,  R.  R., 

Wilki&sburg. 
Frascr,  J.  W.,  438  Franklin  Ave. 
Newell,  F.  C.  526  Wallace  Ave.  2 

Wilmerding.— Vankirk,  E.  P. 
York.— Shock,  T.  A.  W. 


RHODE  ISLAND. 

Kingston.— Radtke,  A.  A. 

Lonsdale.— Ellis,  John 

PhUUpsdale. 

PhiUips,  E.  F. 

Varley.  R.  Jr  2 

Providence. 

Downes,  L.  W.,  407  Pine  St. 
Lisle,  A.  B„  60  Weybosset  St. 
Reuterdahl,  A.,  366  Willard  Ave. 
Woodward,  W.  C,  60  Weybosset  St.  4 

Wopnsocket.— Ballon,  W.  J. 

(69) 


SOUTH  CAROLINA. 

Charleston. — Sudiow,  Harry. 
Pelzer.— McKissick,  A.  F. 
Spartaobnig. — Knox,  F.  H. 


TENNESSEE. 
Chattanooga. 

Burt,  B.  T. 
Kruesi,  P.  J. 


TEXAS. 


Houston. 

Jones,  F.  A. 
Reed,  W.  W. 


UTAH. 

Bingham.— Fleming,  J.  B 

Salt  Lake  City. 
Elliott,  E.  G.,  Am.  Smelt.  &  ReBn.  Cm. 
Merrill^  J.  F..  University  of  Utah.      2 

VERMONT. 

Bellows  Falls  — Bottomley  H. 
Burlington, — Freedman,  W.  H. 
Rutland. — Francisco,  M.  J. 


VIRGINIA. 

Blacksburg.— Randolph,  L.  S. 

Hot  Springs.— Stewart,  J.  B. 

Norfolk. 
Dean,  W.  C. 

Hardy,  C.  E..  U.  S.  Navy  Yard. 
Thompson,  T.  P. 
Wright,  Peter.  4 

Newport  News. 
Loomis,  O.  P. 
Ross,  T.  W.  a 

Richmond. 
Archibald,  E.  M.,  American  Loco.  Co. 
Gillis,  H.  A.,  Richmond  Loco.  Works. 
McCluer,  C.  P.,  W.  R.  Trigg  Co. 
Tower,  Geo.  A.,  102  N.  Grace  St. 
Trafiford,  E.  W.,  foot  of  7th  St. 
Willis,  E.  J.,  211  E.  Franklin  St.         6 


WASHINGTON. 

Everett.— Butler,  WUliam  C. 

Seattle. 
Doubt,  T.  E. 
Dunn,  K.  G.,  218  Second  Ave.  So. 
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Seattle.  ^Continued. 

Hag:giDs,  N.  W. 

Joslyn,  Howard,  507  Pioneer  B'ldV. 

Maxwell.  £. 

MilHs,  Maj.  John 

Randolph,  M.  P.,  314  Occidental  Ave. 

Ransom,  A.  E  ,      •• 

Robinson.  D.  P. 

Sullivan,  W.  V.  A.,  Jr. 

Tolman,  CM.  11 

Spokane. — Howes,  Robt.,  Box  1587 

WEST  VIRGINIA. 
Charleston. — ^Johnson,  H.  S. 
Fainnount.— Fitzgerald,  T.,  Jr. 
Wheeling:.— Sands,  H.  S. 


WISCONSIN. 
Madison. 

Burgess,  C.  F.,  Univ.  of  Wisconsin 
Drohan,  T.  E.,  North'n  Elec.  Mfg.  Co. 
Franken6eld,  B.,  609  Lake  St. 
Jackson,  Ehigald  C,  Univ.  of  Wis. 
Shuster,  J.  W,,  609  Lake  St. 
Swenson,  B.  V. ,  606  Francis  St.  6 

Menomonie. — Smith,  S.  N. 

Milwaukee. 
Bcrresford,  A.W.,i2thSt.  &St.Paul  Av. 
Finney,  J.  C,  1121  Herman  Building. 
Hutchinson,  F.  L. 
Johnson,  W.  S.,  120  Sycamore  St. 
Robinson,  Geo.  P.,  Wis.  Tel.  Co. 
Schmidt,  C.  J.  6 

South  Milwaukee.— Knox,  S.  L.  G 


HAWAIIAN  ISLANDS. 

Hil6.— Sedgwick,  C.  E. 

Honolulu. 
Cassidy,  John,  Mutual  Telephone  Co. 
Gartley,  A.,  Hawaiian  Elec  Co. 
Hasson.  W.  F.  C,  Judd  B'ld'g. 
Prstt,  R.  J..  Honolulu  Iron  Works 
Tannatt,  E.  T. 
Wolf.  L.  H.,  Box  252.  6 


PHILLIPINE  ISLANDS, 
Manila. 
Grant,  L.  T. 
Squier,  Capt.  G.  O. 


PORTO  RICO. 

Ponce.— Palmer,  D.  A.,  Box  135. 
San  Juan.— Parks,  C.  Wellman. 
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DOMINION  OF  CANADA. 

BRITISH  COLUMBIA. 
Ferguson.- McCrossan,  J.  A. 
Vancouver  — Walkem,  G.  A. 
Victoria.— Sperling,  R.  H. 


NEW  BRUNSWICK. 
St.  John.— Turnbull,  W.  R. 


NOVA  SCOTIA. 

Baddeck.— Bell,  A.  Graham 

Halifax. 
Graves,  C.  B. 
Wiuficld,  J.  H.  2 

Hasel  Hill.— Dickenson,  Samuel  S. 


ONTARIO. 

Ayton.— Wenger,  E.  I. 

Hamilton.— Leyden,  H.  R. 

Ottawa. 
Aheam.  T. 

Dion,  Alfred  A.,  72  Sparks  St. 
Murphy,  John,  OtUwa  Elec.  Co. 
Thomson,  C,  Patent  Office. 
Trudeau.  J.  A.  G.,  329  Kent  St.  5 

Petersborough.— Magie,  L.  De  W. 

St.  Catharines. 
Cheney,  F.  A. 
Hamilton,  R.  B.  2 

Toronto. 
Kammerer,  J.  A.,  87  Jameson  Ave. 
Parke,  R.  J.,  409  Temple  Bldg. 
Rosebrugh,  Thomas  R. 
White- Fraser,  Geo.  ,18  Imp'l  Loan  Bg.  4 


QUEBEC.     ^ 

Montreal. 
Balsley,  A.,  160  McCord  St. 
Burnett,  J.  A.,  94  Queen  St. 
Gossler,  P.  G.,  94  Queen  St. 
Hathaway,  J.  D.,  Jr. 
Hcrdt,  L.  A.,  McGill  University 
Howland,  L.  A.,    6  Queen  St. 
Imlay,  L.  E.,  37  McGill  College  Ave. 
Jaquays,  H.  M.  94  Queen  St. 
Owens,  R.  B.,  McGiU  University. 
Pitcher,  F.  H.,  62  Imperial  Building. 
Robertson,  J.  McC,  94  Queen  St. 
Ross,  Robert,  A.,  17  St.  John  St. 
Sise,  Charles  F.,  P.  O.  Box  226a. 
Smith,  S.  W.,  160  McCord  St, 
Taylor  I.  A.,  McCord  &  Seminary  Su. 
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Montreal.— Continued. 

Thornton.  K.  B..  94  Queen  St. 
Wcller,  H.  W.,  202  St.  James  St. 
Wilson,  R.  M.,  Royal  Electric  Co.     18 

Richelieu  Village.— Black,  R.  G. 


MEXICO. 


Cordoba. — Bowman,  J.  PI.  Box  21. 

Durango.— 
Carnaghan,  E.  D. 
Guerrero,  J.  2 

Jalapa.— 
Yslas,  Carlos 
Gutieiiez,  M.  B. 
Greenwood, CJalapa  R*y&  Power  Co.  3 

Guadalajara.— 

Scbiaffino,  M.  L. 

Thompson,  J.  W.  2 

Mexico, 
de  Arozarena.  R.  M. 
Beames,  C.  K.,  Santa  Clara  7. 
Dyer,  S.  A.,  Box  403. 
Evans,  C.  W.,  Box  2100. 
Eyans,  P.  H..  Mex.  Geo.  Elec.  Co. 
Henry,  L.  W.,  Mex.  Gen.  Elec.  Co. 
Johnson,  C.  E.,  Mexico  City  Tramway. 
Lobo,  G.  Box  830. 
McCreary.  J.  L..  Dist.  R'way  Co. 
Shearer,  J.  H.,  Nat.  Elec.  Light  Co. 
Shepard,  R.  R.,  Box  403. 
Simpson,  E.  L.,  Santa  Clara,  No.  7. 
Somellera.  G   F.,  Box  115. 
Thompson,  M.  T..  Box  403, 
Waal,  W.  H.,  Box  626. 
Worswick,  A.  E.,  3rd  Calle  des  las  Artcs 

16 

Monterey.— Dysterud,  E. 

Pachuca.— Renstrom,  F.  A. 

Puebla. 

Rossi,  H.  J. 

Wilson,  H.  S.  2 


CENTRAL  AMERICA. 

GUATEMALA. 
Quesaltenango. — Morehouse,  H.H. 


SOUTH  AMERICA. 

ARGENTINE  REPUBLIC. 
Buenos  Aires. 

Abella,  Juan,  691  Calle  Bolivar 
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Buenos  Aires.— Continued. 
Brayshaw,  J.,  Great  Southern  Railway 
McCrosky,  J.  W.,  Reconquista  20 
Parker,  L.  H.  Calle  Santa  Fe  2457 
Stone,  J.  P.,  Estacion  Sola.  5 

UNITED  STATES  of  BRAZIL. 

Para. — da  Cunha,  Manoel  Ignacio. 
Rio  Janeiro. 

Brandao.  J.  V.,  Flamengo  8. 
Mitchell,  James.  2 


CHILI. 

Santiago. 

Currie,  N.  M. 

Jones,  G.  H.,  Casilla  131 7 

PERU. 
Lima. — Davidson,  A. 


WEST   INDIES. 

CUBA. 
Havana. 

Saylor,  F.  A.,  15  O'Reilly  St. 
Thompson,  A.  J. 

JAMAICA. 

Kingston. 

Campbell,  H.  A.,  38  Harbor  St. 
Davis,  L.  F..  " 

Roberts,  Allen  D.,  I2i  King  St. 
Wilson,  Harry  C. 


AFRICA. 


CAPE  OF  GOOD  HOPE. 
Cape  Town. 

Denham,  John 

Dyke.  O.  A.  W.,  30  St.  Georgia  St. 
Lloyd.  J.  E.  3 

CAPE  COLONY. 
K'g  Williamst*n.— Armstrong,S.G. 

NATAL. 
Durban.— Kirkland,  J.  W. 


SOUTH  AFRICAN  REPUBLIC. 
Germiston— Peirce,A.W.K.,Boxsz7 
Johannesburg.— Woodworth,  L.  B. 


ASIA. 


INDIA. 

Bangalore.— Ekstrom,  Axel. 
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Larkhana.— Beveridge,  E.  W. 
Negapatam. — Vandervccn,  A.  R. 

JAPAN. 


Kiota. — Namba,  M. 

Beppu. — H.  Maki 

Hiogo  Ken. — Misakl.  S. 

Tokyo. 
Baugher,  E.  C. 
Tachibara,  Jin 
lijima,  Z. 
Iwadare,  K. 
Oi.  S. 

Yokohama. 
Bayley,  G.  L. 
BreuDer.  W.  H. 
Dyer,  E.  I. 


AUSTRALIA. 

NEW  SOUTH  WALES. 
Sydney. 

Allan.  John.  54  Marjjaret  St. 
Fiscber,  Gustave  J., Public  Works  Dep't 
Fitzmaurice,  Jas.  S..  210  George  St. 
Hanson.  A.  J..  3  Wynyard  St. 
MacCalla,  C.  S..  Equitable  Building. 
McCarty,  F.  A,,  109  Pitt  St.  6 


QUEENSLAND. 
Brisbane. — Heskcth,  John. 


VICTORIA. 

Melbourne. — 
Jones,  A   W. 
Wolfe,  J.  T.,  15  Queen  St. 


WESTERN  AUSTRALIA. 
Kalgoorlie.— Childs,  S.  W. 
Perth— Wall,  L.  J.  B. 


NEW  ZEALAND. 

Auckland.—Rich,  F.  A. 

Dunedin. 

Goodman.  W.  G.  T.,  Noyes  Bros. 
Wellington. — Dawson.  Josiah 
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EUROPE. 


AUSTRIA  -  HUNGARY. 


Bada-Pesth. 
Herzog.  Josef. 
Jehl.  Francis. 
Szuk,  Geza. 

Vienna. 
Egger.  E.,  X.  Simmerlngstr,  187 
Sahulka,Dr.  Johann. 


GREAT  BRITAIN. 


ENGLAND. 

Beer.— Trott,  A.  H.  H. 
Blundellsands. — Inrig,  A.  G. 
Bolton -le-Moors. — Jackson,  Henry 
Cheltenham. — Kilgour,    Hamilton. 
Hampstead. — Donner,  W.  H. 
Hyde. — Adamson,  D. 
London. 

Blunt,  W.  W  ,  Norfolk  St. 

Burton.  W.  C,  22 A  College  Hill. 

Carus- Wilson  C.  A.,  41  Old  Queen  St. 

Daft,  Leo,  50  Hartfieid  Road. 

Dawson,  P..  Norfolk  St. 

Fortenbaugh,  S.  B.,  37  Hamilton  House 

Gorrissen,  Ch.,  York  St. 

Kermessen,  J.  L..  83  Cannon  8t. 

Hewlett,  E.  H.,  64  Victoria  St.,  S.  W. 

Hill.  E.  R.,  Norfolk  St. 

Kelvin,  Lord,  n  Eaton  Place. 

Lewis   H.  F.  W..  25  College  Hill. 

Little,  C.  W.  G.,  DoninRton  House. 

Lorrain,  J.  G.,  Norfolk  House,  Nor- 
folk St.,  W.  C 

Macartney,  J.  F.  53  Victoria  St. 

McCarter.  R.  D.,  no  Cannon  St. 

Merz,  C.  H.,  28  Victoria  St. 

Mordey,  Wm.  M.,  82  Victoria  St. 

Osborne,  M.,  83  Cannon  St. 

Parry,  Evan.  8  Princes  St.  Bank 

Parshall.  H.  F..  Sa.isbury  House. 

Perry,  John,  Royal  Coll.  of  Sci. 

Pott.  A.  H. 

Pfeiflfer,  A.  J.  J..  22A  College  Hill. 

Preece,  Sir.  Wm.,  13  Queen  Anne's 
Gate 

Reid,  E.  S.,  23  College  Hill. 

Rosenbusch,  G.,  Royal  Societies  Club. 

Rutherford,  W.,  no  Cannon  St. 

Salomons,  Sir  D.  L. ,  4q  Grosvenor 

Swinton,  A.  A.  C  ,  66  Victoiia  St. 

Tervet,  Robert,  54  Penhurst  Road. 
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London. — Continued. 

Thompson,  S.  P..  West  Hampstcad. 
Thompson,  W.  R.,  22A  College  Hill. 
Walker,  Sydney  F.  12  Leimster  Square. 
Webber,  Maj.  Geii.  C.  E.,   17  Egerton 

Gardens. 
Wharton,  Chas.  J.,  Palace  Chambers 
Winslow,  I.  E.,  35  Parliament  St. 
Woodfield,  Sydney.  Norfolk  St.         37 

Manchester. 
Lay  ton,  Gordon. 
McConahcy.  W.  M. 
Wording  ham,  C.  IT.  .  3 

Riding-Mill-on-Tyne.— Dobbie,  R.  S. 

Rugby. 

Churchill,  A. 

Meyer,  H.  S.  2 

Surrey.— Sparks,  Chas.  P. 
Woolwich.— Ciift,  A.  S. 


DENMARK. 

Copenhagen. — Lud  vigsen , 
Blaagaardsgade  17. 

FRANCE 

Grenoble.— StahU  Th. 


H.   v., 


Nice.~ 
Paris. 


■.\lbanese,  G.  Sacco. 


Brush,  F.  F.,  6  Rue  de  Madrid. 
Coster.  M  ,  45  Rue  de  la  Arcade. 
Garfield,  A.  S.,  10  Kue  de  Londres. 
Le  Blanc,  Chas  ,  7  Rue  Meyerbeer. 
Le  Blanc,  Maurice. 
Leutheule,  Paul,  52  Rue  de  Clichy. 
Mix.  Edgar  W.,  12  Boul.des  Invalides.. 
Schmid,  A.,  45  Rue  de  TArcade. 
Stephens,George,  2ig  Rue  de  Vangirard 
Thurnauer,  Ernst,   27  Kue  des  Londres 
Touret,  M.  K.  J.,  7  Rue  Meyerbeer. 
Tripitr,  H.,  no  Bd  Malesherbes. 
Welles,  y,  R.,  46  Ave.  De  Breteuil 
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GERMANY. 
Berlin. 

Bindemann,  H.  O.  F.,Dorotheen  Str.  43 
Burke,  Jas..  Klopstockstr.  15 
Heinrich,  R.  O.,  Ritterstrasse  88 
Hobait.  H.  M.,  Union  Elec.  Ges. 
Hulse.  W.  S.,   Dorothecn  Str.  43 
Janisch,  C,  Siegmunds  No.  12. 
Magee.  Louis  J.,  Grosse  Quer  Allee  i 
deNordwall,  Chas.  F.,  22  Schififbauer- 

damm. 
Rathenau,  E  ,  22  SchifTbauerdamm 
Schum,  C.  H.,  Oudenarder  Strasse,  30 
TischcndOrfer,  F.,  Ottostrasse  ii. 
West,  Julius  H.,  Handjery  Str.  58 

Friedenau,  near  Berlin. 


Berlin.— Continued. 

Wieselgreen»  C.  E.,   Allgemeine*;EIec- 

tricitats  Gesellschaft. 

13 

Charlottenbnrg.— Zwietusch,*E.O. , 

Saliufer  7. 

Darmstadt,  Kittler,  Dr.  E. 
Munchen.— Voit,  Dr.  Ernst 


ITALY. 
Ivrea  — Olivetti,  Camillo. 
Milan  — Zani,  A.  P. 
Turin. — Capuccio,  M. 


NETHERLANDS. 

Amsterdam. 
Hubrecht,  Dr.  H.  F.  R. 
Otten,  Dr.  J.  D.,  Van  Baerlestraat  10 

Delft.— Doyer.  H. 


PORTUGAL. 


Lisbon. 

ChappcU,  W.  E. 
Cole,  W.  H. 
Zapata,  J.  M. 


RUSSIA. 

Kiev— Browd.  P.  K., 
Odessa.— Moschkowitsch,  M.  S. 
Riga.— Hassler,  C.  T.  F. 
St.Petersburg.— de  Chatelain,  M.  A. 


SCOTLAND. 

Glasgow.— Fuller,  E.  E. 


SWEDEN. 

Sodertelge.— Hakonson,  H. 
Westeras.— Danielson,  Ernst. 


SWITZERLAND. 

Baden.— de  Muralt.  C  L. 


Addresses  Unknown. 

De  Redon,  C. 
O'Dea,  M   T. 
McLeod,  Geo. 
Damon,  Geo  B. 
Murphy,  J.  McL. 
Taylor,  J.  F. 

Notice. 
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The  Secretary  would  be  pleased  to  re- 
ceive the  present  addresses  of  theaboye. 
Total,  1546. 
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